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PORMIHO A WBLLBORB CASINO BY BXPANSION OF A TOBOLAR MBKBBR 



Background of the Invention 

This invention relates generally to wellbore casings, and 
5 in particular to wellbore casings that are formed using 
expandable tubing. 

Conventionally, when a wellbore is created, a number of 
casings are installed in the borehole to prevent collapse of 
the borehole wall and to prevent undesired outflow of drilling 
10 fluid into the formation or inflow of fluid from the formation 
into the borehole. The borehole is drilled in intervals 
whereby a casing which is to be installed in a lower borehole 
interval is lowered through a previously installed casing of 
an upper borehole interval. As a consequence of this 
15 procedure the casing of the lower interval is- of smaller 
diameter than the casing of the upper interval. Thus, the 
casings are in a nested arrangement with casing diameters 
decreasing in downward direction. Cement annul i are provided 
between the outer surfaces of the casings and the borehole 
20 wall to seal the casings from the borehole wall. As a 
consequence of this nested arrangement a relatively large 
borehole diameter is required at the upper part of the 
wellbore. Such a large borehole diameter involves increased 
costs due to heavy casing handling equipment, large drill bits 
25 and increased volumes of drilling fluid and drill cuttings. 
Moreover, increased drilling rig time is involved due to 
required cement pumping, cement hardening, required equipment 
changes due to large variations in hole diameters drilled in 
the course of the well, and the large volume of cuttings 
30 drilled and removed. 

The present invention is directed to overcoming one or 
nore of the limitations of the existing procedures for forming 
new sections of casing in a wellbore. 
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Sumnatry of the Znvantlon 

According to one aspect of the present invention, there 
is provided a method of creating a casing in a borehole 
located in a subterranean formation, comprising: installing a 
5 tubular liner and a mandrel in the borehole; injecting a 
fluidic material into the borehole; injecting the fluidic 
material through the mandrel; pressurizing a portion of an 
interior region of the tubular liner below the mandrel; and 
radially expanding at least a portion of the tubular liner in 
10 the borehole by extruding at least a portion of the tubular 
liner off of the mandrel. 

According to another aspect of the present invention, 
there is provided a method of creating a casing in a borehole 
located in a section of a subterranean formation, the borehole 
15 having an already existing casing, comprising: drilling out a 
new section of the borehole adjacent to the already existing 
casing; placing a tubular liner and an expandable mandrel into 
the new section of the borehole; overlapping the txabular liner 
with the already existing casing; injecting a hardenable 
20 fluidic sealing material into an annular region between the 
tubular liner and the new section of the borehole; fluidicly 
isolating the annular region between the tubular liner and the 
new section of the borehole from an interior region of the 
tubular liner below the mandrel; injecting a non hardenable 
25 fluidic material into the interior region of the tubular liner 
below the mandrel; extruding the tubular liner off of the 
expandable mandrel; sealing the overlap between the tubular 
liner and the already existing casing; supporting the tubular 
liner with the overlap with the already existing casing; 
30 removing the mandrel from the borehole; testing the integrity 
of the seal of the overlap between the tubular liner and the 
already existing casing; removing at least a portion of the 
hardenable fluidic sealing material from the interior of the 
tubular liner; curing the remaining portions of the hardenable 



fluidic sealing material; and removing at least a portion of 
the cured hardenable fluidic sealing material within the 
tubular liner. 

According to another aspect of the present invention, 
5 there is provided an apparatus 

comprising: a support member, the support member including a 
first fluid passage; a mandrel coupled to the support member, 
the mandrel including: a second fluid passage; a tubular 
member coupled to the mandrel; and a shoe coupled to the 

10 tubular member, the shoe including a third fluid passage; 
wherein the first, second and third fluid passages are 
operably coupled. 

According to another aspect of the present invention, 
there is provided an apparatus 

15 comprising: a support member, the support member including: a 
first fluid passage; a second fluid passage; and a flow 
control valve coupled to the first and second fluid passages; 
an expandable mandrel coupled to the support member, the 
expandable mandrel including a third fluid passage coupled to 

20 the first fluid passage; a tiobular member coupled to the 
mandrel, the txabular member including one or more sealing 
elements; a shoe coupled to the tubular member, the shoe 
including: a fourth fluid passage coupled to the third fluid 
passage, the fourth fluid passage adapted to receive a stop 

25 member; and one or more exhaust passages coupled to the fourth 
fluid passage for injecting fluidic material outside of the 
shoe; and at least one sealing member coupled to the support 
member, the sealing member adapted to prevent the entry of 
foreign material into an interior region of the tiibular 

30 member. 

According to another aspect of the present invention, 
there is provided a method of joining a second tubular member 
to a first tubular member, the first tubular member having an 
inner diameter greater than an outer diameter of the second 



txjbular member, comprising: positioning a mandrel within an 
interior region of the second tubular member; pressurizing a 
portion of the interior region of the second tubular member 
below the mandrel by injecting a fluidic material into the 
5 second tubular member through the mandrel ; and extruding the 
second tubular member off of the mandrel into engagement with 
the first txibular member. 

According to another aspect of the present invention, 
there is provided an apparatus 

10 comprising: a support member including a first fluid passage; 
a mandrel coupled to the support member, the mandrel 
including: a second fluid passage operably coupled to the 
first fluid passage; an interior portion; and an exterior 
portion; wherein the interior portion of the mandrel is 

15 drillable; an expandable tubular member coupled to the 
mandrel; and a shoe coupled to the txabular member, the shoe 
including: a third fluid passage operably coupled to the 
second fluid passage; an interior portion; and an exterior 
portion; wherein the interior portion of the shoe is 

20 drillable. 

According to another aspect of the present invention, 
there is provided an apparatus 

comprising: a support member defining a first fluid passage; 
an ea^ansion mandrel coupled to the support member including 

25 an outer expansion surface and defining a second fluid 
passage; a tubular liner coupled to the expansion mandrel; and 
a shoe coupled to the tubular liner defining a third fluid 
passage; wherein the first, second and third fluid passages 
are operably coupled; and wherein the interface between the 

30 tubular liner and the expansion mandrel is not fluid tight. 

According to another aspect of the present invention, 
there is provided an apparatus 

comprising: a support member defining a first fluid passage; 
an expansion mandrel coupled to the support member including 
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an outer expansion s\ir£ace and defining a second fluid 
passage; a tubular liner coupled to the expansion mandrel; a 
shoe coupled to the tubular liner defining a third fluid 
passage; and a packer coupled to the shoe; wherein the first, 
5 second and third fluid passages are operably coupled. 

According to another aspect of the present invention, 
there is provided an apparatus 

conprising: a support meniber defining a first fluid passage; 
an expansion mandrel coupled to the support member including 

10 an outer expansion surface and defining a second fluid 
passage; a tubular liner coupled to the expansion mandrel; and 
a shoe coupled to the tubular liner defining a third fluid 
passage; wherein the first, second and third fluid passages 
are operably coupled; and wherein the third fluid passage 

15 defined by the shoe comprises one or more radial passages. 

According to another aspect of the present invention, 
there is provided an apparatus 

comprising: a support member defining a first fluid passage; 
an expansion mandrel coupled to the support member including 

20 an outer expansion surface and defining a second fluid 
passage; a tiibular liner coupled to the esq^ansion mandrel; and 
a shoe coupled to the tubular liner defining a third fluid 
passage; wherein the first, second and third fluid passages 
are operably coupled; and wherein the wall thickness of a 

25 portion of the tubular liner above the expansion surface of 
the expansion mandrel is greater than a wall thickness of a 
portion of the tubular liner below the expansion surface of 
the expansion mandrel . 

30 Brief Description of the Drawings 

Fig- 1 is a fragmentary cross-sectional view illustrating 
the drilling of a new section of a well borehole. 
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Fig. 2 is a fragmentary cross-sectional view illustrating 
the placement of an embodiment of an apparatus for creating a 
casing within the new section of the well borehole. 

Fig. 3 is a fragmentary cross -sectional view illustrating 
5 the injection of a first quantity of a hardenable fluidic 
sealing material into the new section of the well borehole. 

Fig. 3a is another fragmentary cross -sectional view 
illustrating the injection of a first quantity of a hardenable 
fluidic sealing material into the new section of the well 
10 borehole. 

Fig. 4 is a fragmentary cross-sectional view illustrating 
the injection of a second quantity of a hardenable fluidic 
sealing material into the new section of the well borehole. 
Fig. 5 is a fragmentary cross -sectional view illustrating 
15 the drilling out of a portion of the cured hardenable fluidic 
sealing material from the new section of the well borehole. 

Fig. 6 is a cross- sectional view of an overlapping joint 
between adjacent tubular members which can be utilised in 
apparatus of the present invention. 
20 Fig. 7 is a fragmentary cross-sectional view of a 

preferred embodiment of the apparatus for creating a casing 
within a well borehole. 

Fig. 8 is a fragmentary cross-sectional illustration of 
the placement of an expanded tubular member within another 
25 tubular member. 

Fig. 9 is a cross-sectional illustration of a preferred 
embodiment of an apparatus for forming a casing including a 
dri liable meuidrel and shoe. 

Fig. 9a is another cross -sectional illustration of the 
30 apparatus of Fig. 9. 

Fig. 9b is another cross- sectional illustration of the 
apparatus of Fig. 9. 

Pig. 9c is another cross-sectional illustration of the 
apparatus of Pig. 9. 

G 
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FIG. 10a is a cross-sectional mustration of a wellbore indudii^ 
adjacent overlapping casings. 

no. lOb is « cross-^cBonal iJlutotion of „ .,^t«s «ri method for 
•Matmg a tie-bad. liiOT using an apandibte tubulM manlier. 

^«l'''«»'=«»'^~aiU»stnitionofthapum,*«"„faa^ 
-ter^ into th. annular region between the tuinOar number and the ^ 

oftherbV'""'r"'^"^'°''*^°''^''~»^^^ 
of the tubular member below the mandrel 

10 "O^lOei-.cro.wectionalilta.ta.ionoftheextn.aionofthetu^ 
member off of the mandrel 

o„». T ''*''''™'*^''*^»'''*«'to*«kline^ 
out the shoe and packer. 

16 ™J^°' " ' i"-«tr«tion of the completed tie-back liner 

16 aMtedusmgBieipandibletubularmember. 

m 11. is a f^.g»ent«y croea^cHona, ^ fltartntingthe driltogof a 

new section of a well borehole. 

weUborehole. ^^^^^^^^nto the new section of the 

25 of a w,per dart mto the new section of the well borehole. 

FIG. ll«i««fi^entatycross.8ectional viewilhisbatingtheiniectinnnf 

LrrhTr'-'^''"-"--— '-"^^^ 

FIG. ll^"«fr»gnient«ycross.8ectional viewiIlustratiaethfieom„i « 
30 of the tubular liner. the completion 
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Detailed Descrqition of the niastrative Embodiments 

An apparatiis and method for forming a wellbore casing within a 
subterranean formation is provided. The apparatus and method permits a 
wellbore casing to be formed in a subterranean formation by placing a tubular 
5 member and a mandrel in a new section of a wellbore, and then octruding the 
tubular member off of the mandrel by pressurizing an interior portion of the 
tubular member. The apparatus and method further permits adjacent tubular 
members in the wellbore to be joined using an overlapping joint that prevents Quid 
and or gas passage. The apparatus and method further permits a new tubular 
10 member to be supported by an existing tubular member by expanding the new 
tubular member into engagement with the existing tubular member. The 
apparatus and method further minimizes the reduction in the hole size of the 
wellbore casing necessitated by the addition of new sections of wellbore casing. 
An apparatus and method for forming a tie-back liner using an oqiandable 
15 tubular member is also provided. The apparatus and method permits a tie-back 
liner to be created by extruding a tubular member off of a mandrel by pressurizing 
and interior portion of the tubular membor. In this manner, a tie-back liner is 
produced. The qn>aiatus and method further permits ac^acent tubular members 
in the wellbore to be joined using an overlaying joint that prevents fluid and/or 
20 gas passage. The apparatus and method further permits a new tubular member 
to be supported by an existing tubular member by expanding the new tubular 
membra- into engagement with the existing tubular member. 

An apparatus and method for expanding a tubular member is also provided 
that includes an expandable tubular member, mandrel and a shoe. In a preferred 
25 embodiment, the interior portions of the apparatus is composed of materials that 

permit the interiorportions to be removed usingaconventionaldrillingapparatus. 
In this manner, in the event of a malfunction in a downhole region, the apparatus 
may be easily removed. 

An apparatus and method for hanging an expandable tubular liner in a 
30 wellbore is also provided. The apparatus and method permit a tubular liner to be 
attached to an existing section of casing. The apparatus and method further have 
application to the joining of tubvdar membera in generaL 



Referring initially to Figs. 1.6. an embodiment of an apparatus and method 
for forming a wellbore casing within a subterranean formation wiU now be 
described. As illustrated in Fig. 1. a wellbore 100 is positioned in a subterranean 
formation 105. The wellbore 100 includes an existing cased section 110 having a 
5 tubular casing 115 and an annular outer layer of cement 120. 

In order to extend the wellbore 100 into the subterranean formation 105 
a drill string 126 is used in a weU known manner to drill out material from the 
subterranean formation 106 to form a new section 130. 

As ilhistrated in Fig. 2, an apparatus 200 for forming a wellbore casing in 
10 aaubterxaneanformationiBthenpositionedinthenewsection 130 of the weUbore 
100. TheapparatU8200preferabIyinchidesanexpandablemandrelorpig205 a 
tubular member 210. a shoe 215. a lower cup seal 220. an upper cup seal 226 ' a 

fluidpassage230.afluidpassage235.afluidpassage240.seals245.andasupp<;rt 



member 250 

15 



The expandable .osndrel 205 i, coupW to and supported by the support 
member260. The expendible n^drel 205 is pieferably adopted to cont^llably 
expand in . radial directi™.. The expandable .nandrel 206 comprise any 

nun>ber of conventional conunerci.lfy.«Uhaje expandable m^idrelsnKKUfied in 
accordance ^th the te«bings of the present disdosure. In a prefer 

20 «-'>°*-ent.theexp.ndablen«nd»1206„,x.prisesahydraulicexpansiontoolas 
d^closed in VS. Patent No. 5.348.096, the «>n.ents of which are incorporated 
herein by referen», UKxiified in .o=ordance with the.teachings of the pn»ent 

disclosure. 

■^*^n>""«--210issupportedbytheexpandablemandr,I206.H.e 
26 tubular n«mber 210 is expanded in the radial direction ««i extrud«l olTof the 
«I»ndable mand™, 205. lie tubular men,ber 210 n,^ b. ftbricat«l fW,m any 
number of conventional conune^iaUy available material. «.ch as. for .xunple 
Odfeld County M,uUr Goods (OCTG). IS chr«mi«a rteel tubing/c.«ng or 
plastic tubing/casing. In a prefer«d emb«iiment. the tubuh.r member 210 is 

30 ^""tedftomOCTGinordertomaximixestrengthafterexpansion. ll^inner 
™i omcr diamaers of Ac mbuhr men,b« 210 may range, for example, ftom 

approximately 1.905 to 119.38 cms (0.75 to47ii«hes)a«l 2.667 to 121.92 cms 
(1.05 10 48 inches), respectively, biaprefened 



embodiment, the inner and outer diameters of the tubular niember 210 range 
from about 7.62 to 39.37 cms (3 to 15.5 inches) and 8.89 to 40.64 cms (3.5 to 16 
inches), respectively in order to optimally provide minimal telescoping effect in 
the most commonly drilled wellbore sizes. The tubular member 210 preferably 
comprises a solid member. 

In a preferred embodiment, the end portion 260 of the tubular member 
2 1 0 is slotted, perforated, or otherwise modified to catch or slow down the 
mandrel 205 when it completes the extrusion of tubular member 210. In a 
prefen^ed embodiment, the length of the tubular member 210 is limited to 
minimize the possibility of buckling. For typical tubular member 210 materials, 
the length of the tubular member 210 is preferably limited to between about 
12.192 to 6096m (40 to 20,000 feet) in length. 

The shoe 215 is coupled to the expandable mandrel 205 and the tubular 
member 210. The shoe 215 includes fluid passage 240. The shoe 215 may 
comprise any number of conventional commercially available shoes such as, for 
example. Super Seal II float shoe. Super Seal II Down-Jet float shoe or a guide 
shoe with a sealing sleeve for a latch down plug modified in accordance with 
the teachings of the present disclosure. In a prefened embodiment, the shoe 
215 comprises an aluminum down-jet guide shoe with a sealing sleeve for a 
latch-down phig available from Halliburton Energy Sendees in Dallas, TX, 
modified in accordance with the teachings of the present disclosure, in order to 
optimally guide the tubular member 2 1 0 In the wellbore. optimally provide an 
adequate seal between the interior and exterior diameters of the overiapping 
joint between the tubular members, and to optimally allow the complete drill 
out of the shoe and plug after the completion of the cementing and expansion 
operations. 

In a preferred embodiment, ttie shoe 215 includes one or more through 
and side ouUet ports in fluldic communication witti the fluid passage 240. In this 
manner, the shoe 215 optimally injects hardenable fluidic sealing material into 
the region outside the shoe 215 and tubular member 210. In a preferred 
embodiment, the shoe 215 includes the fluid passage 240 having an inlet 
geometry ttiat can receive a dart and/or a ball sealing member. In this manner, 
the fluid passage 240 can be optimally sealed off by Introducing a plug, dart 
and/or ball sealing elements into the fluid passage 230. 



.r 

The lower cup seal 220 is coupled to and supported by the support member 
250. The lower cup seal 220 prevents foreign materials from entering the interior 
region of the tubular member 210 acb'acent to the expandable mandrel 205. The 
lower cup seal 220 may comprise any number of conventional commercially 
5 available cup seals such as, for example. TP cups, or Selective Injection Packer 
(SIP)cup8modifiedinaccordancemththeteachingsofthept«sentdisclosure. In 
apreferred embodiment, the lower cup seal 220 comprisesaSIPcupseal. available 

from Halliburton Energy Services inDallas,TX in order to optimaUyblo(Af 
material and contain a body of hibricant. 

10 The upper cup seal 225 is coupled to and supported by the support member 

250. The upper cup seal 225 preventsforeign materials from entering the interior 
region of the tubular member 210. The upper cup seal 225 may comprise any 
number of conventional commercially available cup seals such as. for example. TP 
cups or SIP cups modified in accordance with the teachings of the pre^nt 
15 disclosure. In a preferred embodiment, the upper cup seal 225 comprises a SIP 

cup.availablefromHalliburtonEnergyService8inDallas.TXinordertooptimaUy 
block the entiy of foreign materials and contain a body of lubricant. 

The fluid passage 230 permits fluidic materials to be transported to and 

from theinteriorr^nof the tubularmember210below the expandable mandrel 
20 205. The fluid passage 230 is coupled to and positioned within the support 
member 250 and the expandable mandiel 205. The fluid passage 230 preferably 
extends from a position a4jacent to the suri^ace to the bottom of the expandable 
mandrel 205. The fluid passage 230 ispreferably positioned alonga centerline of 
the apparatus 200. 

25 n,e fluid passage 230 is preferably selected, in the casing running mode of operation, to 

transport materials such as drilling mud or formation fluids at flow rates and pressures ranging 
from about 0 to 1 1356.2355 litres/minute (0 to 3.000 gallons/minute) and 0 to 620.52813 bar (0 
to 9.000 psi) in order to minimize drag on the tubular member being run and to minimize surge 
pressures exerted on the wellbore which could cause a loss of wellbore fluids and lead to hole 
collapse. 

30 

Thefluid passage 235 permits fluidicmaterialstobereleased from the fluid 
passage 230. In this manner, during placement of the apparatus 200 within the 



new section 130 of the weUbore 100. fluidic materials 255 forced up the fluid 
passage 230 can be released into the wellbore 100 above the tubular member 210 
therebyminimizingsurgepressuresontheweUboresectionlSO. The fluid passage 
235 is coupled to and positioned within the support member 250. The fluid 
5 passage is further fluididy coupled to the fluid passage 230. 

The fluid passage 235 preferably includes a control valve for controUably 

openinganddosingthefluidpassage 235. Inapreferred embodiment, the control 
valveispressureactivatedinordertocontTollablyminimizesurgepressures. The 

fluidpas8age236i8preferably positioned substantially orthogonal to thecenterline 
10 of the apparatus 200. 

The fluid passage 235 is preferably selected to convey fluidic materials at flow 
rates and pressures ranging from about 0 to 11356.2355 litres/minute (0 to 3,000 
gallons/minute) and 0 to 620.52813 bar (0 to 9,000 psi) in order to reduce the drag on the 
apparatus 200 during insCTtion into the new section 130 of the wellbore 100 and to 
15 minimize surge pressures on the new wellbore section 1 30. 

The fluid passage 240 permits fluidic materials to be transported to and 
fh,m the region exterior to the tubular member 210 and shoe 216. The fluid 
passage 240 is coupled to and positioned within the shoe 216 in fluidic 
communication with the interior region of the tubular member 210 below the 
20 expandable mandrel 205. The fluid passage 240 preferably has a cross-sectional 
shape thatpermitsaplug. or other similar device, to beplacedinfluid passage 240 
to therein blockfurtherpassageoffluidicmaterials. In this manner, the interior 
region of the tubular member 210 below the expandable mandrel 205 can be 

fluidiclyisolatedfromtheregionexteriortothet«bularmember210. Thispermits 

25 the interiorregionofthe tubular member 210belowtheexpandablemand«, 205 
to be pressurized. The fluid passage 240 is preferably positioned substantially 
along the centerline of the apparatus 200. 

The fluid passage 240 is preferably selected to convey materials such as 
cement, drilhng mud or epoxies at flow rates and pressures ranging from about 0 to 

30 1 1 356.2355 litres/minute (0 to 3.000 gallons/hiinute) and 0 to 620.528 1 3 bar (0 to 9 000 
PS.) m order to optimally All the amiular region between the tubular member 2 10 ani the 
new section 130 of the wellbore 100 with fluidic materials. In a preferred embodiment, 
the fluid passage 240 
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includes an inlet geometry that can receive a dart and/or a ball sealing member 
In this mamier. the fluid passage 240 can be sealed off by introducing a plug, dart 
and/or ball sealing elements into the fluid passage 230. 

The seals 246 are coupled to and supported by an end portion 260 of the 
5 tubularmember210. The seals 246 are ftirtherpositioned on an outer surface 265 
of the end portion 260 of the tubular member 210. The seals 245 permit the 
overlapping joint bet.^ the end portion 270 of the casing 115 and the portion 
260ofthetubularmember2l0tobefluidiclysealed. The seals 245 may comprise 
any number of conventional commercially available seals such as for example 
10 lead, rubber. Teflon™, or epoxy seals modified in accordance with the teacWngs of ' 

the presentdisdosure.Inapreferred embodiment, the seals 245 aremoWed from 

Stratalockepo^availablefromHamburtonEnergyServicesinDaUas.TXinorder 
to optimally provide a load bearing interference fit between the end 260 of the 
tubular member 210 and the end 270 of the existing casing 116. 
16 In a preferred embodiment, the seals 246 are selected to optimally provide 

asufiicientfrictionalforce to support theexpanded tubular member210fh>m the 
existing ca^ng 116. In a preferred embodiment, the frictional force optimally 
pro.d«,bythesea,s245ra„gesfm.about^^^^^^^ 
.000.000 Ibf) in order to optimally support the expanded tubular member 210. 

20 'r^«««PP<>rtmember260iscoupledtotheexpandablemandrel205.tubular 
member 210. shoe 216. and seals 220 and 225. The support member 250 
preferably comprises an am^ular member having sufiicient strength to cany the 
apparatus 200 into the new section 130 of the weUbore 100. In a preferred 

embodnnen, the support member 250 further includes one or more conventional 
25 centralizers (not iUustrated) to help stabilize the apparatus 200 

^««P-fe-^embodiment.aq«antifyofl„bricant276isprovidedinthe 
annular region above the expandable mandrel 206 within the interior of the 

tubularmember210. m this manner, the extrusion ofthe tubular member 2 10 off 
°^*^-^dablemandrel206isfi^tated.Thelubricant275m^ 
30 number of conventional commercially available lubricants such as. for example 
Lubnplate . chlorine based lubricants, oil based lubricants or Climax 1500 Antisieze 
(3100). In a preferred embodiment, the lubricant 275 comprises Climax 1500 
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Antisieze (3100) available from Climax Lubricants and Equipment Co. inHouston. 
TX in order to optimally provide optimum lubrication to fadliate the expansion 
process. 

In a preferred embodiment, the support member 250 is thoroughly cleaned 
5 Priortoassemblytotheremainingportion8oftheappanitus200. In this manner, 
the introduction of foreign material into the apparatus 200 is minimized. This 

minimizesthepossibilityofforeignmaterialcloggingthevariousflowpassagesand 
valves of the apparatus 200. 

In a preferred embodiment, before or after positioning the apparatus 200 
10 within the new section 130 of the wellbore 100. a couple of wellbore volumes are 
circulated in order to ensure that no foreign materials are located within the 
wellbore 100 that might clog up the various flow passages and valves of the 
apparatus200andtoensmethatnoforeignmaterialinteriereswiththe«pansion 



process. 
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AsiIlustratedinFig.3,thefluidpas8age235isthenclosedandahardemrf>le 
fluidic sealingmaterial 306 is thenpumped from a surface location into the fluid 
passage 230. The material 305 then passes from the fluid passage 230 into the 

mteriorregion310of the tubularmember210belowthe expandable mandrel205 
The material 305 then passes from the interior region 310 into the fluid passage 

20 240. The material 305 &en exits the apparatus 200 and fills the annular region 
315 between the exterior of the tubular member 210 and the interior wall of the 
new section 130 of the wellbore 100. Continued pumping of the material 305 
causes the material 306 to fill up at least a portion of the annular region 315. 
The material 305 is preferably pumped into the annular region 315 at pressures 

25 and flow rates ranging, for example, from about 0 to 344.73785 bar (0 to 5000 psi) and 0 
to 5.678.1 177 litres/minute (0 to 1,500 gallons/min). respectively. The optimum flow 
rate and operating pressures vary as a function of the casing and wellbore sizes, wellbore 
section length, available pumping equipment, and fluid properties of the fluidic material 
bcmg pumped. The optimum flow rate and operating pressure are preferably determined 
usmg conventional empirical methods. 

The haidenable fluidic sealing material 305 may comprise any number of 
conventional commercially available haidenable fluidic sealing materials such as. 
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for example, slag mix, cement or eposy. In a preferred embodiment, the 
hardenable fliiidic sealing material 305 comprises a blended cement prepared 
specifically for the particular well section being drilled from Halliburton Energy 
Services in Dallas, TX in order to provide optimal support for tubular member 210 
5 while also m aintainin g optimum flow charactefrigtieR ign aa tn tniniTniy p difficulties 
diiring the displacement ofcement in the azmular region 315. The optimxmi blend 
of the blended cement is preferabJiy determined using conventional empirical 
methods. 

The annular region 315 preferabfy is filled with the material 305 in 
10 suffident quantities to ensure that, upon radial e2^)azision of the to^ 

210, the annular region 315 of the new section 130 of the wellbore 100 will be filled 
with material 305. 

In a particularly preferred embodiment, as illustrated in Fig. 3a, the wall 
thickness and/or the outer diameter of the tubular member 210 is reduced in the 

15 region adjacent to the mandrel 205 in order optimally permit placement of the 
apparatus 200 in positions in the wellbore with tight clearances. Furthermore, in 
this manner, the mitiation of the radial expansion of the tubular member 210 
during the extrusion process is optimally facilitated. 

As illustrated in Fig. 4, once the annular region 315 has been adequately 

20 fmed with material 305, a phig 405, or other similar device, is introd 

fluid passage 240 thereby fluididy isolating the interior region 310 from the 
annu]arregion315. In a preferred embodiment, a non-hardenablefluidic material 
306 is then pumped into the interior region 310 caxising the interior region to 
pressurize. In this manner, the interior of the expanded tubular member 210 will 

25 not contain si g ni fi cant amounts of cured material 305. This redncfts AnH gimplifi^ 
the cost of the entire process. Alternatively, the material 305 may be used during 
this phase of the process. 

Once the interior region 310 becomes suffidently pressurized, the tubular 
member 210 is extruded off of the expandable mandrel 205. During the extrusion 

30 process, the expandable mandrd 205 may be raised out ofthe expanded portion of 
the tubular member 210. In a preferred embodunent, during the extrusion 
process, the mandrel 205 is raised at q>prozimately the same rate as the tubular 
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member 210 is expanded in order to keep the tubular member 210 stationary 
relative to the new wellbore section 130. In an alternative preferred embodiment, 

the extrusion process iscommenced with the tubular member210positioned above 
the bottom of the new wellbore section 130, keeping the mandrel 205 stationary, 
6 and allowing the tubular member 210 to extrude off of the mandrel 205 and faU 
down the new wellbore section 130 under the force of gravity. 

The plug 405 is preferably placed into the fluid passage 240 by introducing 
the plug 405 into the fluid passage 230 at a surface location in a conventional 
manner. The plug 405 preferably acts to fluidicly isolate the hardenable fluidic 
10 sealing material 305 from the non hardenable fluidic material 306. 

The plug 405 may comprise any number of conventional commercially 

available devices frompIuBgingafluidpassagesuchas,forexample,MultipleStage 
Cementer (MSG) latch-down plug, Omega latch-down plug or three-wiper latch- 
down plug modified in accordance with the teachings of the present disclosure. In 

15 apreferredembodiment,tiieplug406comprisesaMSClatch-downpIugavailable 
from Halliburton Energy Services in Dallas, TX, 

Afl»r placement of the plug 405 In the fluid passage 240, a non hardenable 
fluidic material 306 is preferably pumped into the interior region 310 at pressures 
and flow rates ranging, for example, fiiom approximately 27.579028 to 689.4757 bar (400 

20 ^°»0.0«>P«)and 113.5623 to 15141.6473 litres/minute(30to4.000gallons/min) In 
this manner, the amount of hanlenable fluidic sealing material withfn the interior 3 10 of 
the tubular member 210 is minimized, m a pi^feired embodiment, after placement of the 
plug 405 ,n the fluid passage 240. the non hanlenable material 306 is preferably pumped 
into the mtenor region 3 10 at pressures and flow rates ranging from approximately 
34.473 to 620.52813 bar (500 to 9.000 psi) and 151.4164 to 1 1356.2355 litres/minute (40 
-so to 3.000 gallons/min) in order to maximize the extrusion speed. 

In a preferred embodiment, the apparatus 200 is adapted to minimize 
tensUe, burst, and firiction effects upon the tubular member 210 during the 
expansion process. These effects will be depend upon the geometry of toe 
expansion mandrel 205, the material composition of the tiibular member 210 and 
30 expansion mandrel 205, ti» inner diameter of the tubular member 210. the wall 
thickness of Uie tubular member 210, the type of lubricant, and the yield strength 
of the tubular member 210. In general, the thicker the waU thickness, the smaller 
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the inner diameter, and the greater the yield strength of the tubular member 210, 
then the greater the operating pressures required to extrude the tubular member 
210 off of the mandrel 205. 

For lypical tubular members 210, the extrusion of the tubular member 210 
5 off of the expandable mandrel will begin when the pressure of the interior region 
3 10 reaches, for example, approximately 34.472 to 620.528 bar (500 to 9,000 psi). 

During the extrusion process, the expandable mandrel 205 may be raised 
out of the expanded portion of the tubular member 210 at rates ranging, for 
example, from about 0 to 5 fVsec. In a preferred embodiment, during the extrusion 
10 process, the expandable mandrel 205 is raised out of the expanded portion of the 
tubular member 2 1 0 at rates ranging fiom about 0 to 0.6096 ra/s (0 to 2 ft/sec) in order to 
minimize the time required for the expansion process while also permitting easy control 
of the expansion process. 

When the end portion 260 of the tubular member 210 is extruded ofTof the 
15 expandable mandrel 205, the outer surface 265 of the end portion 260 of the 
tubular member 210 will preferably contact the interior surikce 410 of the end 
portion 270 of the casing 1 16 to form an fluid tii^it overlapping joint. The contact 
pressure of the overlapping joint may range, for example, from approximately 3.447379 to 
1,278.9514 bar (50 to 20,000 psi). In a preferred embodiment, the contact pressure of the 
20 overlapping joint ranges fiom approximately 27.579028 to 689.4757 bar (400 to 10,000 psQ in 
order to provide optimum pressure to activate the annular sealing members 245 and optimally 
provide resistance to axial motion to accommodate typical tensile and compressive loads. 



The overlapping joint between the section 410 of the existing casing 1 15 and 
thesection265oftiie expanded tubular member210preferablyprovide8agaseous 
25 andfluidicseal.Inaparticularlypreferredembodiment,aiesealingmembers245 
optimally provide a fluidic and gaseous seal in the overlapping joint. 

In a preferred embodiment, the operetingpressure and flow rate of tiie non 

hardenablefluidicmaterial306iscontrollably ramped down when the expandable 
mandrel 205 reaches the end portion 260 of the tubular member 210. In this 
30 manner, tiie sudden release of pressure caused by the complete extrusion of tiie 
tiibular member 210 off of the expandable mandrel 205 can be minimized. In a 
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preferred embodiment, the operating pressure is reduced in a substantially linear 
fashion from 100% to about 10% during the end of the extrusion process beginning 
•whea the mandrel 205 is within about 1 .524 m ( 5 feet) from completion of the extnision 
process. 

5 Altematively,orincombination,ashockabsorberisprovidedinthesupport 
member 250 in order to absorb the shock caused by the sudden release of pressure. 
The shock absorber may comprise, for example, any conventional commercially 
available shock absorber adapted for use in wellbore operations. 

Alternatively, or in combination, a mandrel catching structure is provided 
10 in the end portion 260 of the tubular member 210 in order to catch or at least 
decelerate the mandrel 205. 

Once the extrusion process is completed, the expandable mandrel 205 is 
removed from the weUbore 100. In a preferred embodiment, either before or after 
the removal of the expandable mandrel 205, the integrity of the fluidic seal of the 
15 overlapping joint between the upper portion 260 of the tubular member 210 and 
the lower portion 270 of the casing 115 is tested using conventional methods. 

If the fluidic seal of the overlappingjoint between the upper portion 260 of 
the tubular member210and the lower portion270ofthecasingll5is satisfactory, 
then anyuncuredportion of thematerial 305 within the expanded tubularmember 
20 210isthenremovedinaconventionalmannersuchas,forexample,circulatingthe 
uncured material out of the interior of the expanded tubular member 210. The 
mandrel 205 is then pulled out of the wellbore section 130 and a drill bit or mill is 
used in combination with a conventional drilling assembly 505 to driU out any 
hardened material 305 within the tubular member 210. The material 305 within 
25 the annular region 315 is then allowed to cure. 

As iUustrated in Kg. 5 , preferably any remaining cured material 305 within 
the interior of the expanded tubular member 210 is then removed in a 
conventional manner using a conventional drill string 505. The resulting new 
section of casing 510 includes the expanded tubular member 210 and an outer 
30 annularlayer515ofcuredmaterial305. The bottom port;ion of the apparatus 200 
comprising the shoe 215 and dart 405 may then be removed by drUling out the 
shoe 215 and dart 405 using conventional drilling methods. 



As inustrated in Fis. 6, the upper portion 260 of the tdbubr member 210 
includes one or more sealing members 605 and one or more pressure relief 
holes 610. In this manner, the overlapping joint between the lower portion 270 
of the casing 1 15 and the upper portion 260 of the tubular member 210 is 
pressure-tight and the pressure on the interior and exterior surfaces of the 
tubular member 210 is equalized during the extmsion process. 

The sealing members 605 are seated within recesses 615 formed in the 
outer surface 265 of the upper portion 260 of the tubular member 210. In an 
alternative prefeaed embodiment, tiie sealing members 605 are bonded or 
molded onto the outer surface 265 of tfie upper portion 260 of ttje tubular 
member 210. The pressure relief holes 610 are preferably positioned in ttie last 
few feet of ttie tubular member 210. The pressure relief holes reduce tiie 
operating pressures required to expand ttie upper portion 260 of ttie tubular 
member 210. This reduction in required operating pressure in tum reduces the 
velocity of the mandrel 205 upon Uie completion of tfie extiusion process. This 
reduction in velocity in tum minimizes Uie mechanical shock to tiie entire 
apparatus 200 upon the completion of ttie extrusion process. 

Referring now to Fig. 7, a particularly prefen-ed embodiment of an 
apparatus 700 for fonning a casing wittiin a wellbore preferably Includes an 
expandable mandrel or pig 705, an expandable mandrel or pig container 710, a 
tubular member 715, a float shoe 720, a lower cup seal 725, an upper cup seal 
730, a fluid passage 735, a fluid passage 740, a support member 745, a body of 
lubricant 750, an overshot connection 755, anoUier support member 760, and a 
stabilizer 765. 

The expandable mandrel 705 is coupled to and supported by ttie support 
member 745. The expandable mandrel 705 is further coupled to ttie expandable 
mandrel container 710. The expandable mandrel 705 is preferably adapted to 
controllably expand in a radial direction. The expandable mandrel 705 may 
comprise any number of conventional commercially available expandable 
mandrels modified in accordance witii ttie teachings of ttie present disclosure. 
In a prefened embodiment, the expandable mandrel 705 comprises a hydraulic 
expansion tool substantially as disclosed in U.S. PaL No. 5,348,095. the contents 
of v^chare 



incorporated herein by reference, modified in accordance with the teachings of the 
present disclosure. 

The expandable mandrel container 710 is coupled to and supported by the 
support member 745. The expandable mandrel container 710 is further coupled 
5 to the expandable mandrel 705. The expandable mandrel container 710 mi^ be 
constructed from aqy number of conventional commercially available i«i>ton >iff 
such as, for example, Oilfield Cotmtry Tubular Goods, stainless steel, titanium or 
high strength steels. In a preferred raibodiment, the expandable mandrel 
container 710 is fabricated from material having a greater strength than the 

10 material from which the tubular member 715 is fabricated. In this manner, the 
container 710 can be fabricated from a tubular material having a thinner wall 
thickness than the tubular member 210. This permits the container 710 to pass 
through tight clearances thereby facilitating its placement within the wellbore. 
In a preferred embodiment, once the expansion process begins^ and the 

15 thicker, lower strength material of the tubular member 715 is expanded, the 
outside diameter of the tubular member 715 is greater than the outside diameter 
of the container 710. 

The tubular member 715 is coupled to and supported by the expandable 
mandrel 705. The tubular member 715 is preferably expanded in the radial 

20 direction and extruded off of the expandable mandrel 705 substantially as 
described above with reference to Figs. 1-6. The tubular member 715 may be 
fabricated from any number of materials such as, for example, Oilfield Country 
Tubular Goods (OCTG), automotive grade steel or plastics. In a preferred 
embodiment, the tubular member 715 is fabricated from OCTG. 

25 In a preferred embodiment, the tubular member 715 has a substantially 

annular cross-section. In a particularly preferred embodiment, the tubular 
member 715 has a substantial^ circular mTrnlar cross-section. 

The tubular member 715 preferably includes an upper section 805, an 
intermediate section 810, and a lower section 815. The upper section 805 of the 

30 tubular member 715 preferably is defined by the region beginning i^ 

of the mandrel container 710 and ending with the top section 820 of the tubular 
member 715. The intermediate section 810 of the tubular member 715 is 
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preferably defmedbythe region beginningin the vicmityofthet^^ 
container 710 and ending with the region in the vicinity of the mandrel 705 The 
lower section of the tubular member 715 is preferably defined by the region 
beginning in the vicinity of the mamfrel 705 and ending at the bottom 825 of the 
5 tubular member 715. 

In a preferred embodiment, the waU thickness of the upper section 805 of 
the tubular member 716 is greater than the wall thicknesses of the intermediate 
and lower sections 810 and 816 of the tubular member 715 in order to optimally 

fadliatetheinitiationoftheertnisionprocessandoptimaUypermitt^^ 
10 700 to be positioned in locations in the wellbore having tight clearances. 

•n.c outer diameter and wall thickness of the upper section 805 of the tubular member 

5 08™' 7r T"^""' *° •^"^ 0.3.75 to 

*.d.«»of^^ 3 

(3.5 to 16 inches) and 0.375 to 3.81 cms (3/8 to 1.5 inches), ^spectively 

outer di«ne^ ^ ^, ^^^^ ^^^^^^ ^^^^ ^^^^^ ^^^^ 

™y ™ge for example, f^^ ,.35 .0 ,27 cn. (2.5 u> 50 i«:hes) and 0. .5«75 . 3.8. cn. to 

^ »c es, ^spcctively. In a p„re„.d e„*odin«n. the outer dian^.. and wa„ U^ckness of the 

mtcnncdiatc section 810 of the tubular tf^mU^ < ^ or inc 
and 0.3175 to 3.175 cms (1/8 to 1.25 inches), respectively. 

20 '^^°7'''-^^-»<^-"«"cknessofthelowersection815ofth^ 
715 may range, for example from about6 35 to 127 cn«os. *n v x 
cms n/16 to 1 5^ V, . ^ ^ ° '587S to 3.175 

cms(l/16.o U5 mches). respectively, m a p.fet«d embodiment, the outer diameter ami wall 
thickness of the o wer section « i n /^f tk- u i , 

05tol. K ^ ?! range from about 8.89 to 48.26 cms 

(3.5 to 19 mches) and 0.3175 to 3.175 cms n/8 tn i ^ u ^ 

^.f^oA u . ^ '^pectively. L, a particularly 

prefeiredembodiment, the wall thiclm«c«fn. i - i~ uvuiwy 

9« f^u . ^"'°^*'='°^<='"s~t'on 815 of the tubular memb^ 

example, aluminium are used. 

T;^'"««''«'">=mber7l5p,ef.rablycompri«.a«>lid,.bul^„«„b« taa 
prefeted «„b«.ta»«. A. end po«i„„ 820 of d,e .ubu,., „».b,, 

^ «"„pl««,he«m,«»ofmbul„member715. In a p„fer«d embodimen, d,e 
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■spreferably limited 10 belWMnahomn.a-,, memDerTlS 
Tie shoe 720 ,s coupled to the e,p.„dd,le msndrel 705 and the Ib^ 

=^ nuid peese^e 7«. m e 

«»^».««shoe7.0«^<„eh«^ 

MportsMS. m^P-t.cuI^b'preferred^.h^toent.thec.oss.^cttonal shape 
element,, for blochng the inlet paasage 830. The interior of the shoe 720 

16 sr^r '^"'^ ^ " "^t or guide 

15 shoe with a sealine sleev*. fnr o i»* u j . ^ 

teachin»» «=■• • ^toh down phg „Hxiifled in accortance »ith the 

Uadnngs of «.e present disolosure. In a prefer«d embodimen, the shoe 720 

=errrnrr^-r;rrr 

«»oval.feheshoe720b.drillin.itouta«erco.^^^^^^ 

746 ^'^"*'^'''''""'''«''»»^™PP«''«"-y'hesupportn«n*er 
^. ^^'-C-P-I^aspreventsforeignn.aterialsfton.enteringthetoterior 

»^ a.ch as, for example, TP or Selective Injection Packer rqTP> 
m<^.edinacco«,ance„itbth.te.chin«,ofthepresertd^o^^^^ 

30 cto" T""" . - cup, a::rr 
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The upper cup seal 730 is coupled to and supported by the support member 
760. The upper cup seal 730 prevents foreign materials from entering the interior 
region of the tubular member 716. The upper cup seal 730 may comprise any 

number of conventional commercially available cup seals such as.for example, TP 
6 cups or Selective Injection Packer (SIP) cup modified in accordance with the 
teachingsofthepresentdisdosure. In a preferred embodiment, the upper cup seal 
730 comprises a SIP cup available from HaUiburton Energy Services in Dallas. TX 
in order to optimally provide a debris barrier and contain a body of lubricant. 
The fluid passage 735 pennits fluidic materials to be transported to and 
10 from theinteriorregionof the tubular member 715 below the expandable mandrel 
705. Thefluidpassage735isfluidiclycoupledtothefluidpassage740. Thefluid 
passage 735 is preferably coupled to and positioned within the support member 
760. the support member 745, the mandrel container 710, and the expandable 
mandrel 705. The fluid passage 735 preferably extends from a position adjacent 
15 tothesurfacetothebottomoftheexpandablemandrel705. The fluid passage 735 
is preferably positioned along a centerline of the apparatus 700. The fluid passage 
735 is preferably selected to transport materials such as cement, drilling mud or 
epoxics at flow »tes and pressures nrngiag ftom about 151.4164 to 1 1356.2355 litres/minute (40 to 3 000 
galWrninutc) and 34.473 to 620.52813 bar (500 u, 9.000 psi) in order to provide sufficient opemting 
pressures to extrude the nbuUa member 715 off of die expandable mandrel 705. 

As described above with reference to Figs. 1-6. during placement of the 
apparatus 700 within a new section of a weUbore. fluidic materials forced up the 

flmdpassage 735 can be released into the weUbore above the tubular member 715 
In a preferred embodiment, the apparatus 700 further includes a pressure release 
25 passage that is coupled to and positioned within the support member 260 The 

pressurereleasepaasageislurtherfluidiclycoupledtothefluidpassage735 The 
pressure release passage preferably includes a control valve for controUably 

opening and closing the fluid passage. In a preferred embodiment, the control 

valveispressureactivatedinordertocontrollabfyminimizesurgepressures The 
30 pressure release passage is preferably positioned substantially orthogonal to the 
centerline of the apparatus 700. The pressure release passage is preferably 
selected to convey materials suchas cement, drillingmud or epoxiesatflow rates 

^3 
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and pressures ranging from about 0 to 1892.7059 Utrcs/minute (0 to 500 gallons/minute) and 0 to 68.94757 
bar (0 to 1,000 psi) in order to reduce the drag on the apparatus 700 during insertion into a new section of a 
wellbore and to minimize surge pressures on the new wellbore section. 

The fluid passage 740 permits fluidic materials to be transported to and 
5 from the region exterior to the tubular member 715. The fluid passage 740 is 
preferably coupled to and positioned within the shoe 720 in fluidic communication 
with the interior region of the tubular member 715 below the expandable mandrel 
705. The fluid passage 740 preferably has a cross-sectional shape that permits a 
plug, or other similar device, to be placed in the inlet 830 of the fluid passage 740 
10 to thereby block further passage of fluidic materials. In this manner, the interior 
region of the tubular member 715 below the expandable mandrel 705 can be 
optimally fluididy isolated from the region exterior to the tubular member 715. 
This permits the interior region of the tubular member 715 below the expandable 
mandrel 205 to be pressurized. 
15 The fluid passage 740 is preferably positioned substantially along the 

centerline of the apparatus 700. The fluid passage 740 is preferably selected to 
conv^ materials such as cement, drilling mud or epoxies at flow rates and 
pressures ranging from about 0 to 1 1 356.2355 litres/minute (0 to 3,000 gallons/minute) 
and 0 to 620.52813 bar (0 to 9,000 psi) in order to optimally fill an annular region 
20 between the tubular member 715 and a new section of a wellbore with fluidic materials. 
In a preferred embodiment, the fluid passage 740 includes an inlet passage 830 having a 
geometry that can receive a dart and/or a ball sealing member. In this manner, the fluid 
passage 240 can be sealed ofifby introducing a plug, dart and/or ball sealing elements 
into the fluid passage 230. 

25 In a preferred embodiment, the apparatus 700 further includes one or more 

seals 845 coupled to and supported by the end portion 820 of the tubular member 
715. The seals 845 are further positioned on an outer surface of the end portion 
820 of the tubular member 715. The seals 845 permit the overlapping joint 
between an end portion of preexisting casing and the end portion 820 of tiie 

30 tubular member 715 to be fluidicly sealed. The seals 845 may comprise any 
number of conventional commercially available seals such as, for example, lead, 
rubber. Teflon™, or epoxy seals modified in accordance with the teachings of the 
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present disclosure. In a preferred embodiment, the seals 845 comprise seals 
molded from StrataLock epoxy available from HaUiburton Energy Services in 
Dallas. TX in order to optimally provide a hydraulic seal and a load bearing 
mterierence fit in the overlapping joint between the tubular member 716 and an 

5 ^^ingcasingwithoptimalloadbearingcapacitytosupportthetubularmember 
715. 

fachcmal force to support the «T»ded tubular member 716 from the existtog 
In . preferred embodiment, the Wctional force provided by the «ab 845 
10 ranges »om about 68.94757 to 68,947.57 bar (1.000 to 1.000. 000 IbO in orterlo 
<9tinially support the expanded tubular member 7 1 5. 

The support member 745 is preferabUr coupled to the e,pandrf,le mandrel 
706 and the overshot connection 756. The support m«nber 746 prefeBbly 

an annular member hariagsulBdent strength to caror the apparatus 
16 700,nt„anewsectionofa„eHbore. lie support member 746 mto- comprise any 
number of conventional cwmnerdaUy a^ulable support members ««± as for 
emnple. steel drill pipe, coUed tubmg or other hi^ strength tubuhtr modified in 

ncco,d«« with the teachings of the present disclosure. In a preferred 
«»'>»d™»'>thesupportmember746compri«»con,e„ti«»^ 
20 fi»m various steel mills in the United States. 

In . preferred embodiment, a body of lubricant 760 is prodded in the 
atmulm-region above the«tpmrfablemandrelc.ntainer7W 
thetabutarmember716. In this m«m>er, the e^onofthe tubular member 715 
oirofthee,p,ndablemandrel706isf.dHtated. The lubricant 705 may comprise 
>ny number of conventional commercially a«ulable lubricants sud. as for 
Lubriph.to, chlorine based lubricants, oil based tabricants, or CHmax 
1500 AntWeze (3100). In a preferred embodiment, the hU,ricant 750 comprise. 
Oun^ 1^ Antisieze (3100) available from Haffiburton Ene,^ Services in 

Houston.raino.dertooptimailypre,idehU^eationtoiaciliatothee«rusion 

oO process. 

Theovershot connection 756iscoupledtothesupportmember745m,d the 
supportmemberJSO. I^overehotomr^tion 755 preferably permito the support 

2r 
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member 745 to be removably coupled to the support member 760. The overshot 
comiection 755 may comprise any number of conventional commercially available 
overshot connections such as, for example. Innerstring Sealing Adapter, 

Innerstring Flat-Face Sealing Adapter or EZDriU Setting Tool Stinger. In a 
5 preferred embodiment, the overshot connection 755 comprises a Innerstring 
Adapter with an Upper Guide available fiom Halliburton Energy Services in 
Dallas, TX. 

The support member 760 is preferabfer coupled to the overshot connection 
755 and a surface support structure (not illustrated). The support member 760 
10 preferably comprises an annular member having sufficient strength to cany the 
apparatus 700 into a new section of a v^ellbore. The support member 760 may 
comprise any number of conventional commercial^ available support members 
such as. for example, steel driU pipe, coiled tubing or other high strength tubulars 
modifiedin accordance with the teachingsofthepresentdisdosure. Inapreferred 

15 embodiment,thesupportmember760comprisBBaconventionaldriUpipeavailable 
from steel mills in the United States. 

The stabilizer 765 is preferably coupled to the support member 760. The 
stabilizer 765 also preferably stabilizes the components of the apparatus 700 
within the tubular member 715. The stabilizer 765 preferably comprises a 
20 spherical member having an outside diameter that is about 80 to 99% of the 
interior diameter of the tubular member 715 in order to optimally minimize 
bucklingofthetubularmember715. The stabilizer 765 may comprise any number 
of conventional commercially available stabilizers such as. for example. EZ Drill 

StorGuides.packershoesordragblocksmodifiedinaccordancewiththeteachings 
25 °fthep,esentdisdosure.Inapreferredembodiment.thestobilizer765comprises 
a sealing adapter upper guide available from Hallibupton Energy Services in 
Dallas. TX. 

In a preferred embodiment, the support members 745 and 760 ai« 
thoroughly cleaned prior to assembly to the remaining portions of the apparatus 
30 700. I"thismanner,theintroductionofforeignmaterialintoaieapparatus700 
isminimized. This minimizes the possibility of foreign material dogging the 
various flow passages and valves of the apparatus 700. 
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In a preferred embodiment, before or after positioning the apparatus 700 
within a new section of a wellbore, a couple of wellbore voliunes are circulated 
through the various flow passages of the apparatus 700 in order to ensure that no 
foreign materials are located within the wellbore that might clog up the various 
5 flow paaaages and valves of the apparatus 700 and to ensure that no foreign 
material interferes with the expansion mandrel 705 during the escpanaion process. 

In apreferred embodiment, the apparatus 700 is operated substantially as 
described above with reference to Figs. 1-7 to form a new section of casing within 
a wellbore. 

10 As illustrated in Fig. 8, in an alternative preferred embodiment^ the method 

and apparatus described herein is used to repair an existing wellbore casing 805 
by forming a tubular liner 810 inside of the existing wellbore casing 805. In a 
preferred embodiment, an outer annular lining of cement is not provided in the 
repaired section. In the alternative preferred embodiment, any number of fluidic 

15 materials can be used to expand the tubular liner 810 into intimate contact with 
the damaged section of the wellbore casing such as» for example, cement, epoxy, 
slag mix, or drilling mud. In the alternative preferred embodiment, sealing 
members 815 are preferably provided at both ends of the tubular member in order 
to optimally provide a fluidic seal. In an alternative preferred embodiment, the 

20 tubular liner 810 is formed within a horizontally positioned pipeline section, such 
as those used to transport hydrocarbons or water, with the tubular liner 810 placed 
in an overlapping relationship with the adjacent pipeline section. In this manner, 
undergroimd pipelines can be repaired without having to dig out and replace the 
damaged sections. 

25 In another alternative preferred embodiment, the method and apparatus 

described herein is used to directly line a wellbore with a tubular liner 810. In a 
preferred embodiment, an outer annular lining of cement is not provided between 
the tubular liner 810 and the wellbore. In the alternative preferred embodiment, 
any number of flmdic materiak can be used to expand the tubular liner 810 into 

30 intimate contact with the wellbore such as, for example, cement, epoxy^ 
or drilling mud. 
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Referring now to Figs. 9 Pa qk j a 

*^ • ™' 9o and 9c, a preferred embodiment »f 
apparatus 900 for forming a wemM>» ..^ , . ■xxument of an 

8 a weubore casmg includes an expandible tuh..!., 
member902,asupportinember904 .n.„ j u, »P™™>ie tubular 

aciR T„ , r •""^'^'«"^>J«I<»-P«906,andashoe 
908. '"P-fe.redembodimen,thedesir.andconstruction„f«„m.„drel^ 

5 '»'=*"908permitsea^remo™ioftboseetem«..sb.<M^themrtr 
manner, the assembly 900 can be eadh- removed L-JT T 

—dHii^.^^^^;::-^^ ' 

-.an:=r:™:rr::'""-'--- 

10 «PPa"tus900.tbetub„l.rmemb.r902lZI r 

906 b. • • °"™'^^''"»P«feraWy«tnidedoffof the mandi«l 

906bypres»„smg„i„^^^^^^^^^ ^ 

tubular member 909 m^fk^ui ^^^uuvr ^uz, j 

"»^'»02 preferably has a substantially annular cross-section 

-ir9x;r:::r^~---^^^ 

902. ll.stubularmel^r^;!:,^"'^"''^'^""*^"'"-- 

^the^tbicwssofth.tub^^,:'''""^'"'' 

The tubular member 916 may be febricated ft™, 
conventional commereially availabfe IteriaTlTas^ °' 
tubulars,lowalloysteela """^ «<* as. for e«unple. oilfield 

thetubuh.mZT^^'r""'^"^ I^apreferredembodiment, 
P~vide.,,pr.I^,rtLt^"^*™ """^•'''"^ >^ ordertooptimaU - 

2a InaparZ^I^ZL 

30 9i5ini:;rnrm:re^'°''"'"^^-^-«^ 

seai with an enstmg section of wellbore casing. 
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In a prefeired embodiment, the combined length of the tubular mfembefs ' ' 
902 and 915 are limited to minimize the possibility of buckling. For typical tubular 
member materials, the combined length of the tubular members 902 and 91 5 are 
Umited to between about 12.192 to 6,096m (40 to 20,000 feet) in length. 

The lower portion 91 4 of the tubular member 902 is preferably coupled to 
the shoe 908 by a threaded connection 968. The intermediate portion 912 of the 
tubular member 902 preferably is placed in intimate sliding contact with the 
mandrel 906. 

The tubular member 902 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield 
tubulars, low alloy steels, titanium or stainless steels. In a preferred 
embodiment, the tubular member 902 is fabricated from oilfield tubulars in order 
to optimally provide approximately the same mechanical properties as the 
tubular member 915. In a particularly preferred embodiment, the tubular 
member 902 has a plastic yield point ranging from about 275.9028 to 9307.921 95 
bar (40,000 to 135,000) psi in order to optimally provide approximately the same 
yield properties as the tubular member 915. 

The wall thickness of the upper, intemiediate, and tower portions, 910, 912 
and 914 of the tubular member 902 nrjay range, for example, from about 0.625 
to 3.81 cms (1/16 to 1 .5 inches). In a prefened embodiment, the wall thickness 
of the upper, intermediate, and lower portions, 910, 912 and 914 of the tubular 
member 902 range from about 0.3175 to 3.175 cms (1/8 to 1.25 inches) in oider to 
optimally provide wall thickness that are about the same as the tubular member 
915. in a prefened embodiment, the wall thickness of the lower portion 914 is 
less than or equal to the wall thickness of the upper portion 9 1 0 in order to 
optimally provide a geometiy that will fit into tight clearances downhole. 

The outer diameter of the upper, intermediate, and lower portions, 910, 
912 and 914 of the tubular member 902 may range, for example, from about 2.667 
to 121.92 cms (1.05 to 48 inches). In a prefenred embodiment, the outer 
diameter of the upper, intermediate, and lower portions. 910, 912 and 914 of ttie 
tubular member 902 range from about 8.89 to 48.26 cms (3 V4 to 19 inches) in 
order to optimally provide tiie ability to expand ttie most commonly used oilfieM 
tubii^. 
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The length of the tubular member 902 is preferably limited to between about 
0.6096 to 1 .524 m (2 to 5 feet) in order to optimally provide enough length to contain the 
mandrel 906 and a body of lubricant. 

'Hie tubular member 902 may comprise any number of conventional 
5 wnmerdalfyavailabletubularmembersmodifiedinaccordancewithth^ 
of the present disclosure. In a preferred embodhnent, the tubular member 902 
comprises Oilfield Country Tubular Goods available from various U.S. steel mills. 

The tubularmember915maycompriseanynumberofconventionaI commercially 
available tubular members modified in accordance with the teachings of the 
10 presentdisclosure. In a preferred embodiment, the tubular member 9 15 comprises 
Oilfield Countiy Tubular Gtoods available from various U.S. steel mills. 

The various elements of the tubular member 902 may be coupled using any 
number of conventional process such as, for example, threaded connections, 
welding or machined from one piece. In a preferred embodiment, the various' 
15 elements of the tubular member 902 are coupled using weldmg. The tubular 
member 902 may comprise a plurality of tubular elements that are coupled end to 
end. The various elements of the faibular member 915 may be coupled using any 
number of conventional process such as, for example, threaded comxections 
weldmg or machined from one piece. In a preferred embodiment, the various 
20 elements of the tubular member 915 are coupled using welding. The tubular 
member 915 may comprise a plurality of tubular elements that are coupled end to 
end. The tubular members 902 and 915 may be coupled using any number of 
conventional process such as. for example, threaded comiections. welding or 
machined from one piece. 

25 The support member 904 preferably includes an innerstring adapter 916 

a fluid passage 918. an upper guide 920. and a coupling 922. During operation of 

theapparatus900.thesupportmember904preferably supports theapparatus 900 
dunng movement of the apparatus 900 within a wellbore. The support member 
904 preferably has a substantiaUy annular cross-section. 
30 The support member 904 may be fabricated from any number of 

conventional commercially available materials such as. for example, oilfield 
tubulars. low aUoy steel. coUed tubing or stainless steel. In a preferred 
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embodiment, the support member 904 is fabricated from low alloy steel in order 
to optimally provide high yield strength. 

The innerstring adaptor 916 preferably is coupled to and supported by a 
conventional driU string support from a surface location. The innerstring adaptor 
5 916 may be coupled to a conventional drill string support 971 by a threaded 
connection 970. 

The fluid passage 918 is preferably used to conv^ fluids and other materials 
to and from the apparatus 900. In a preferred embodiment, the fluid passage 918 
is fluidicfy coupled to the fluid passage 952. In a preferred embodiment, the fluid 
10 passage 918 is used to convey hardenable fluidic sealing materials to and from the 
apparatus 900. In a particularly preferred embodiment, the fluid passage 918 may 
include one or more pressure relief passages (not illustrated) to release fluid 
pressure during positioning of the apparatus 900 within a wellbore. In a preferred 
embodiment, the fluid passage 918 is positioned along a longitudinal ceiiterline of 
15 the apparatus 900. In a preferred embodiment, the fluid passage 918 is selected 
to permit the conv^ance of hardenable fluidic materials at operating pressures 
ranging from about 0 to 620.S28I3 bar (0 to 9,000 psi). 

The upper guide 920 is coupled to an upper portion of the support member 
904. The upper guide 920 preferably is adapted to center the support member 904 
20 within the tubular member 915. The upper guide 920 may comprise any number 
of conventional guide members modified in accordance with the teachings of the 
present disclosure. In a preferred embodiment, the upper guide 920 comprises an 
innerstring adapter available from Halliburton Energy Services in Dallas, TX order 
to optimally guide the apparatus 900 within the tubular member 915. 
25 The coupling 922 couples the support member 904 to the mandrel 906. The 

coupling 922 preferably comprises a conventional threaded connection. 

The various elements of the support member 904 may be coupled using any 
number of conventional processes such as, for example, welding, threaded 
connections or machined from one piece. In a preferred embodiment, the various 
30 elements of the support member 904 are coupled using threaded connections. 

The mandrel 906 preferably mdudes a retainer 924, a rubber cup 926, an 
expansion cone 928, a lower cone retainer 930, a body of cement 932, a lower guide 



934, an extension sleeve 936, a spacer 938. a housing 940. a sealing sleeve 942 an 
upper cone retainer 944. a lubricator mandrel 946. a lubricator sleeve 948. a gmde 
950, and a fluid passage 952. 

The retainer 924 is coupled to the lubricator mandrel 946, lubricator sleeve 
6 948, and the rubber cup 926. The retainer 924 couples the rubber cup 926 to the 
lubricator sleeve 948. The retainer 924 pi^ferably has a substantially annular 
cross-section. The retainer 924 may comprise any number of conventional 
commercially available retainers such as. for example, slotted spring pins or roll 



pin 
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■Tb. rubber cup 926 i. coupled to tbe retainer 924. the lubricator niaadrel 
946, «,d a» tabricrtor dee™ 948. The rubber cup 926 prevent the eht^. of 

<bre«nmateri.l.intotbemterior region 972 of the tubular member 902 belowth. 
rubberoup92e. 'H^ rubber cup 926 may compri., any „m»ber of amventional 
c«nmerdally available rubber cups such a., for «mmple. TO cups „ Sdecti« 
16 In action Packer (SIP) cup. In a preferr«l «nbodime«. the rubber cup 926 

comprises a SIP cup available ftom Halliburton Energy Senses ia Dan.. TXIn 
order to optimally block foreign materiate. 

In a particularly prefenred embodiment, a body of tobricant is flirther 

prov,d.dmth.interiorregion972of the t«bularmemb.r902inorder to lubricate 
20 the mterfece b.tw,«, the exterior surfec of the m«.drd 902 and the int^ior 
".rface of the tubular memb«, 902 .ni 915. The h.brio«,t may comprise any 
number of »nvention.l commerdally available lubricants such as. for example 
Lubripl«e .'*loriaeb.«dlubrica>t^oUbasedleI,ricaaBoraimaxI500An.isei2c 

26 «r '"'^^"■^"'•'^'""'"■'^-'^'^ISOOAnti.eize 
26 (3100) avaJabl. ^ Climax Lubricants and Equipment Co. in Ho«st». K in 
order to optimally provide lubrication to fadhate the extrusion process 

"'"■^»>-i™cone928iscoupledtothelower«mer^r930,thebody 
0fcement932,thelowerguide934.the.x.ension..eeve986.th.hou.ing94«.m^ 

30 TTZ'^'**- '"'''^"^"-^"'.^■^oper.tionofthe 
30 apparatus 900, the tubular members 902 and 916 are extruded offof the outer 

smfaceofthe.,pansion.one928. In « preferred embodiment, axial movement 

ofth.expansi™.c«..928ispreventedlvthel.werconeretaiaer930,housing940 
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and the upper cone retainer 944. Inner radial movement of the expansion cone 
928 is prevented by the body of cement 932. the housing 940, and the upper cone 
retainer 944. 

The expansion cone 928 preferably has a substantially annular cross section. 
5 The outside diameter of the expansion cone 928 is preferably tapered to provide 
a cone shape. The waU thickness of the expansion cone 928 may range, for 
example, fiom about 0.3 1 75 to 7.62 cms (0. 1 25 to 3 inches)- fa a prefened eniodinttnt, the wall thiclmcss 
of the expansion cone 928 laqges from about 0.635 to 1 .905 cms (0.25 to 0.75 inches) in order to optimally 
provide adequate compressive strei^th with minimal material. TTie maximum and minimum outside 
diameters of the expansion cone 928 may range, for example, from about 2.54 to 119.38 cms (1 to 47 
inches). In a preferred embodiment, the maximum and minimum outside diameters of the expansion cone 
928 range from about 8.89 to 48.26 cms (3.5 to 19 inches) in order to optimaUy provide expansion of 
generally available oilfield tubulars. 

The expansion cone 928 may befiabricatedfromanynumberof conventional 
15 commercially available materials such as, for example, ceramic, toolsteel, titanium 
orlowalloysteeL In a preferred embodiment, the expansion cone 928 is fabricated 
firom tool steel inordertooptimaUyprovidehighstrengthand abrasion resistance. 
The surface hardness of the outer surface of the expansion cone 928 may range, for 
example, from about 50 Rockwell C to 70 Rockwell C. In apreferred embodimlnt. 
20 the surface hardness of the outer surface of the expansion cone 928 ranges from 
about 58 Rockwell C to 62 Rockwell C in order to optimally provide high yield 
strength. In a preferred embodiment, the expansion cone 928 is heat treated to 
optimally provide a hard outer surface and a resilient interior body in order to 
optimaUy provide abrasion resistance and fracture toughness. 
25 The lower cone retainer 930 is coupled to the expansion cone 928 and the 

housing 940. In a preferred embodiment, axial movement of the expansion cone 
928 is prevented by the lower cone retainer 930. Preferably, the lower cone 
retainer 930 has a substantially annular cross-section. 

The lower cone retainer 930 may be fabricated from any number of 

30 ~nventionalcommerdallyavailablematerialssuchas,forexample, ceramic. tool 
steel, titanium or low alloy steel. In a preferred embodunent, the lower cone 
retainer 930 is fabricated from tool steel in order to optimally provide high 
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strength and abrasion resistance. The surface hardness of the outer surface of the 
lower cone retainer 930 may range, for example, firom about 50 Rockwell C to 70 
Rockwell C. In a preferred embodiment, the surface hardness of the outer suxface 

of the lower cone retainer 930 ranges from about 58 Rockwell C to 62 Rockwell C 
6 in order to optimaUy provide highyield strength. In a preferred embodiment, the 
lower cone retainer 930 is heat treated to optanaOy provide a hard outer surface 
and a resilient interior body in order to optimally provide abrasion resistance and 
firacture toug^mess. 

In a preferred embodiment, the lower cone retainer 930 and the expansion 
10 cone 928 are formed as an integral one-piece element in order reduce the number 
of conqwnents and increase the overall strength of the apparatus. The outer 
surfece of the lower cone retainer 930 preferably mates with the inner surfaces of 
the tubular members 902 and 915. 

The body of cement 932 is positioned within the interior of the mandrel 906. 
15 The body of cement 932 provides an inner bearing structure for the mandrel 906. 
The body of cement 932 iurther may be easily driUed out using a conventional drill 
device. In this manner, the mandrel 906 nuQr be easily removed using a 
conventional drilling device. 

The body of cement 932 may comprise any number of conventional 
20 <»naiercianyavailablecementcompound8.Alternatively,ahuninum,castironor 
some other drillable metallic, composite, or aggregate material may be substituted 

forcement. The body ofcement 932 preferably has a substantially annular cross- 
section. 

The lower guide 934 is coupled to the extension sleeve 936 and housing 940. 
26 I>«ringoperationoftheapparatus900.thelowerguide934preferablyhelpsguide 
Uie movement of tiie mandrel 906 witiiin the tubular member 902. Thetower 
guide 934 preferably has a substantially annular cross-section. 

The lower guide 934 m^ be &brica(ed from any number of conventional 
commercially available materials such as, for example, oilfield taibulars, low allpy 
30 steel or stamless steel. In a preferred embodiment, tiie lower guide 934 is 
fabricated from low allqy steel m order to optimally provide hi^ yield strengtii. 



The outer surface of the lower guide 934 preferably mates with the inner surface 
of the tubular member 902 to provide a slidingfiL 

The ertension sleeve 936 is coupled to the lower guide 934 and the housing 
940. I>«ringoperationoftheapparatus900,theertensionsleeve936preferab^ 
5 J^elps guide the movement of the mandrel 906 within the tubular member 902 
The ertension sleeve 936 preferabty has a substantiaUy annular cro8s-8^^ 

The extension sleeve 936 may be fabricated from any number of 
conventional commerdaUy available materials such as. for example, oilfield 
tubulars. low alloy steel or stainless steel. In a preferred embodiment the 
10 «rtensionsleeve936isfabricatedfi,,mlowall<vsteelinordertooptimaDypr^^^ 
highyieldstrength. The outer surface ofthe ertension sleeve 936 preferably mates 
with the inner surface of the tubular member 902 to provide a sliding fit. Ina 
preferred embodiment, the extension sleeve 936 and the lower guide 934 are 
formed as an integral on^piece element in order to minimize the number of 
15 componente and increase the strength of the apparatus. 

The spacer 938 is coupled to the sealing sleeve 942. The spacer 938 
preferabtyindudestheflmdpassage952andisadaptedtomatewiththeextension 
tube 960oftheshoe 908. In this mamier. a phig or dart can be conveyed from the 
surface through the fluid passages 918 and 952 into the fluid passage 962 
20 Preferabty. the spacer 938 has a substentiaUy annular cross-section 

The spacer 938 may be fabricated from any number of conventional 
commermfly available materials such as. for example, steel, ahiminum or cast 

m,n. I^apreferred embodiment. thespacer938isfabricatedfromaluminum in 
^'^-'ooptiniaDyprovidedrillabiUty.ll^endofthesp^ 
25^tt,theendoftheextensiontube960. m a preferred embodiment, the spacer 
938andthesealingsleeve942areformedasanintegralone^ieceelementinorde^ 

toreducethenumberofcomponenteandincrease the strengtt of the apparatus 
The housing 940 is coupled to the lower guide 934. extension sleeve 936 

«P-ion«,ne 928. body of cement 932. and lower cone retainer 930. During 
30 °P«««onoftheapparatus900.thehousing940preferablypreventeu^^ 

motionoftheexpansioncone928. Preferabfy. the housing 940 has a substentially 
annular cross-section. 



The housing 940 may be fabricated from any number of conventional 
commerdaUy available materials such as, for example, oilfield tubulars. low aDoy 
steel or stainless steeL In a preferred embodimenVthe housing 940 is fabricated 
from low aU<y steel in Older to optimal^ provide high yield strength. In a 

5 P«ferredembodiment,thelowerguide934,extensionsleeve936andhoufiing940 
are formed as an integral one-piece element in order to minimize the number of 
components and increase the strength of the apparatus. 

In a particularly preferred embodiment, the interior surface of the housing 
940 includes one or more protrusions to fadliate the connection between the 
10 housing 940 and the body of cement 932. 

The sealing sleeve 942 is coupled to the support member 904. the bo4y of 
cement 932. the spacer 938. and the uppercone retainer 944. During operation of 
the apparatus, the sealingsleeve 942 preferably providessupport for themandrel 
906. 'n^e8ealingsleeve942ispreferablycoupledtothes,q,portmember904usm^ 
16 the coupling 922. P«ferably. the sealing sleeve 942 has a substontiaUy annul«^ 
cross-Bection. 

The sealing sleeve 942 may be fabricated from any number of conventional 
commercially available materials such as. for example, steel, aluminum or cast 
iron. In a preferred embodiment, the sealing sleeve 942 is fabricated from 

20 al»Hninuminordertooptimallyprovidedrillabilityofthesealingsleeve942. 

In a particularly preferred embodiment, the outer surface of the sealing 

sleeve942includesoneormoreprotrusionstofaciliatetheconnectionbetweenthe 
sealing sleeve 942 and the body of cement 932. 

In a particularly preferred embodiment, the spacer 938 and the sealing 

25 «l-ve942areintagrallyformedasaone.pieceelementinordertominimizethe 
number of components. 

Il» «H» cone retainer 944 c«,rfrf to the eipanrion cone 928. 
Be.lingelee«942.andthebody.fcement932. During operetta, of the. pperatu, 
«»''^»B«'»neretainer944p,,*«htyp^„l,3^„„U„„„,U^.^^,^^ 

aOconeSM. IWerrt,^. the upper cone retainer 944 hea a eubrtentieHy^nul., 

cross-section. 
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The upper cone retamer 944 may be fabricated from any number of 
conventional commerciaUy available materials such as, for example, steel, 
ahiminum or cast iron. In a preferred embodiment, the upper cone retainer 944 
is fabricated from ahiminum in order to optimally provide drillabiUty of the upper 
5 cone retainer 944. 

In a particularly preferred embodiment, the upper cone retainer 944 has a 
cross-sectional shape designed to provide mcreased rigidity. In a particularly 
preferred embodiment, the upper cone retainer 944 has a cross-sectional shape 
that is substantially I-shaped to provide increased rigidity and minimis the 
10 amount of material that would have to be drilled out. 

The lubricator mandrel 946 is coupled to the retainer 924, the rubber cup 
926, the upper cone retainer 944. the lubricator sleeve 948, and the guide 950. 
During operation of the apparatus 900. the lubricator mandrel 946 preferably 
contains the body of hibricant in the annular region 972 for lubricating the 
15 mteriacebetweenthemandrel906amlthetubularmember902. Preferabty. the 
lubricator mandrel 946 has a substantially annular cross-section. 

The lubricator mandrel 946 may be fabricated from any number of 
conventional commercially available materials such as. for example, steel, 
aluminum orcastiron. In a prefeired embodiment, the lubricator mandrel 946 is 
20 fabricated from aluminum m order to optimally provide drillabihty of the 
lubricator mandrel 946. 

The hibricator sleeve 948 is coupled to the lubricator mandrel 946, the 

retainer 924,therubbercup926.theupper cone retainer 944, thehibricatorsteeve 
948. and the guide 950. During operation of the ^,paratus 900. the lubricator 

25 sleeve 948 preferably supports the rubber cup 926. Preferably, the lubricator 
sleeve 948 has a substantiaUy annular cross-section. 

The hAricator sleeve 948 m«ijr be fabricated from any number of 
conventional commercially available materials such as. for example steel 
aluminum or cast iron. In a preferred embodiment, the lubricator sleev^ 948 is' 

30 fbbncated from ahunimmi m order to optimally provide drillability of the 
hibricator sleeve 948. 
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As iUustrated in Fig. 9c, the lubricator sleeve 948 is supported by the 
lubricator mandrel 946. The lubricator sleeve 948 in turn supports the rubber cup 
926. The retainer 924 couples the rubber cup 926 to the lubricator sleeve 948 In a 
preferred embodiment, seals 949a and 949b are provided between the lubricator 
mandrel 946. lubricator sleeve 948. and mbber cup 926 in order to optimally seal 
off the interior region 972 of the tubular member 902. 

■n»e guide 950 is coupled to the lubricator mandrel 946, the retainer 924 and 
the lubricator sleeve 948. During operation of the appamtus 900, the guide 950 
preferably guides the apparatus on the support member 904. Preferably, the guide 
950 has a substantially annular cross-section. 

The guide 950 may be fabricated from any number of conventional 
commercially available materials such as. for example, steel, aluminum or cast 
•ron. In a preferred embodiment. Uie guide 950 is fabricated from aluminum 
order to optimally provide drillability of the guide 950. 

•me fluid passage 952 is coupled to the mandrel 906. During operation of 
the apparatus, the fluid passage 952 preferably conveys hardenable fluidic 
materials. In a preferred embodiment, the fluid passage 952 is positioned about 
the centeriine of Uie apparatus 900. In a particularly preferred embodiment, the 
fluid passage 952 is adapted to convey hardenable fluidic materials at pressures 
and flow rate ranging from about 0 to 620.5281 3 bar (0 to 9.000 psi) and 0 to 
1 1356.2355 litres/minutes (0 to 3.000 gallons/min) in order to optimally provide 
pressures and flow rates to displace and circulate fluids during the Installation of 
the apparatus 900. 

Tl'«™<o«>»eleraenuoftt«mandrel906mavbecoupl«lu.i„ga„y„umbe, 
of convenaonal p«x:ess such as, foreample. Ihreaded connecdons. welded 
connections or cen^ntlng. In a p«len«l embodiment the vartous elements of 
the mandrel 906 are coupled using U,readed connecdons and cementing 

The shoe 908 preferably includes a housing 954, a body of cement 956 a 
sealing sleeve 958, an extension tube 960, a fluid passage 962, and one or more 
outlet jets 964. 

The housing 954 is coupled to the body of cement 956 and the lower 
portion 914 of the tubular member 902. During operation of the apparatus 900 the 
housing 954 preferably couples tiie lower portion of the tubular member 902 to the 
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shoe 908 to £acilitate the extrusion and positioning of the tubuJar member 902. 
Preferably, the housing 954 has a substantially annular cross-section. 

The housing 954 be fabricated from any number of conventional 
commerdaUy available materials such as, for example, steel or aluminum. In a 
5 preferred embodiment, the housing 954 is fabricated from aluminum in order to 
optimaUly provide diillabilily of the housing 954. 

In aparticularly preferred embodiment, the interior surface of the housing 

954 inchxdes one or more protnisions to fedliate the connection between the body 
of cement 956 and the housing 954. 

10 'n»ebodyofcement956iscoupledtothehousing954,andthesealingsleeve 
958. In a preferred embodiment, the composition of the body of cement 956 is 
selected to permit the body of cement to be easUy drilled out using conventional 
drilling machines and processes. 

The composition of the body of cement 956 may inchide any number of 

15 conventional cement compositions. In an alternative embodiment, a drillable 
material such as, for example, ahuninum or iron may be substituted for the bo^y 
of cement 956. 

The sealing sleeve 958 is coupled to the body of cement 956, the extension 
tube 960, the fluid passage 962, and one ormoreoutletjet8964. During operation 

20 of the apparatus 900, the sealing sleeve 958 preferably is adapted to convey a 
hardenable fluidic material from the fluid passage 952 into the fluid passage 962 
and then into the ouUet jets 964 in order to iiyect the hardenable fluidic material 
into an annular region external to the tubular member 902. In a preferred 
embodiment, duringoperation of the apparatus 900, the sealingsleeve 958 further 

25 i°ctadesaninletgeometrythatpennitsaconvBntionalplugordart974tobecome 
lodgedmthe inlet ofthesealingaleeve 958. In this manner, the fluid passage 962 
may be blocked therelqr fluididy isolating the interior region 966 of the tubular 
member 902. 

In a preferred embodiment, the sealing sleeve 968 has a substantially 
30 annular cross-section. The sealing sleeve 958 may be fabricated from any number 
of conventional commercial^ available materials such as. for example, steel, 
ahmiinum or cast iron. In a preferred embodiment, the sealing sleeve 958 is 



( 

fabricated from aluminum in order to optimally provide drillability of the sealing 

sleeve 958. 



The extension tube 960 is coupled to the sealing sleeve 958. the fluid 
passage 962. and one or more ouUet jets 964. During operation of the apparatus 
5 900. the extension tube 960 preferably is adapted to convey a hardenable fluidic 
matenal from the fluid passage 952 into the fluid passage 962 and then into the 
ouUet Jete 964 in order to inject the hardenable fluidic material into an amiular 
region external to the lobular member 902. In a prefer^d embodiment during 
operation of the apparatus 900. the sealing sleeve 960 further includes an inlet 
10 geometer that permits a conventional plug or dart 974 to become lodged m the 
inlet of the sealing sleeve 958. In this manner, the fluid passage 962 is blocked 
therebyfluidiclyisolatingtheinteriorregion966ofthetubularmember902 In 
apreferred embodiment, one end of theextensiontobe960mates with oneend of 
the spacer 938 inordertooptimaUyfadliate the transfer of materialbetween the 



16 two. 



«mutorc««.s«ti«n. Th.«rteMiont»l»9e0nu«,befeteic.t,dft,ma.y„u,nb« 
of convenUoMi commerdally .valtabu ,„ateriab such as, for exan>ple steel 
alumm™ „ c«t iron. In . prefte«d embodiment, the extension tube'960 is 
20 fibwated from aUaninum m orier to optimeUy provide driUebiUty of the 
extension tube 960. 

The fluid p..«ige 962 is coupled to the sealing sleeve 958. the extension 
tabe960.«rfoneor»or.outletjets964. During operation ofthe.ppar.tu. 900 
the fluid p<«age 962 is prefer.bly conveys hardenable fluidic niaterials In a 

2S P«f''"«fembodiment,thefluidpassage962i.po.itionedab«.ttbacen,«1ineof 
theapparatusgOO. I". P.rticularIypraferr«ie»bodin«nt, the fluid passage 962 
« adapted to convey hardenable fluidic Materials at pres»res and flow rate 

^ ?!"^''^'**""«™'**'°*»'«^8^"«i«8,theextensiontube 

9M.™dth.fluidpa«age9e2.Duringope™tionoftheapp.ratus900,the„uUst 
jets 964 preferably convey hardenable fluidic material from the fluid passage 962 
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to the region exterior of the apparatus 900. In a preferred embodiment, the shoe 
908 includes a plurality of outlet jets 964. 

In a preferred embodiment, the outlet jets 964 comprise passages drilled in 
the housing 964 and the body of cement 956 in order to simplify the construction 
5 of the apparatus 900. 

The various elements of the shoe 908 may be coupled using any number of 
conventional process such as, for «tample, threaded connections, cement or 
machined from one piece of material. In a preferred embodiment, the various 
elements of the shoe 908 are coupled using cement. 
10 In a preferred embodiment, the assembly 900 is operated substantially as 

described above with reference to Figs. 1-8 to create a new section of casing in a 
weUbore or to repair a wellbore casing or pipeline. 

In particular, in order to extend a wellbore into a subterranean formation 
a dnll string is used in a weU known manner to driU out material from the 
15 subterranean formation to form a new section. 

The apparatus 900 for forming a weUbore casing in a subterranean 
formation is then positioned in the new section of the wellbore. In a particularly 

preferTedembodiment,theapparatus900incIudesthetubularmember915 Ina 
preferred embodiment, a hardenable fluidic sealing hardenable Huidic sealing 
20 material is then pumped from a surfece location into the fluid passage 918 The 

hardema>lefluidicsealingmaterialthenpassesfromthefluidpassage918intothe 
mterior region 966 of the tubular member 902 below the mandrel 906. The 
hardenable fluidic sealing material then passes from the interior region 966 into 
the fluid passage 962. The hardenable flnidic sealing material then exits the 
25 apparatus 900 via the outlet jets 964 and fills an annular region between the 

extenorofthe tubular member 902 and the interior wall of thenewsection of the 
weUbore. Continuedpumpingofti.ehardenablefluidic8ealingmaterialcausesthe 
material to fill up at least a portion of the annular region. 

The hardenable fluidic sealing material is preferably pumped into the 
the hardenable flu.d,c scaUng »„eria. is p^intoi^^ „ ^^^^ 
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and flow rates that are designed for the specific wellbore section in order to 
optimize the displacement of the hardenable fluidic sealing material while not 
creat ing high «qou^ circulating pressures such that circulation mi|^t be lost and 
that could cause the wellbore to collapse. The optimum pressures and flow rates 
5 are preferably determined using conventional empirical metiiods. 

The hardenable fhiidic sealing material may comprise any number of 
conventional comn^rdalfy available hardenable fluidic sealing materials such as, 
for example, slag mix, cement or epo:sy. In a preferred embodiment, the 
hardenable fluidic sealing material comprises blended cements designed 

10 spedficaUy for the well section being lined available from Halliburton Energy 
Services in Dallas, TX in order to optimalty provide suiqx>rt for the new tubular 
member while also maintnining optimal flow characteristics so as to minimize 
operational difficulties during the displacement of the cement in the annular 
region. The optimum composition of the blended cements is preferably determined 

15 using conventional onpirical methods. 

The annular r^n preferabfy is filled with the hardoiable fluidic 
material in sufficient quantities to ensure that, upon radial expansion of the 
tubular member 902, the annular region of the new section of the wellboie will be 
filled with hardenable material. 

20 Once the annular region has been adequately filled with hardenable fluidic 

sealing material, a plug or dart 974, or other similar device, preferably is 
introduced into the fluid passage 962 thereby fhiididy isolating the interior region 
966 of the tubular member 902 from the external annular region. In a preferred 
embodiment, a non hardenable fluidic material is then pumped into the interior 

25 region 966 causing the interior region 966 to pressurize. In a particularly 
preferred embodiment, the phig or dart 974, or other similar device, preferably is 
introduced into the fluid passage 962 by introducing the plug or dart 974, or other 
similar device into the non hardenable fluidic materiaL In this manner, the 
amount of cured matnial within the interior of the tubular members 902 and 915 

30 is minimized. 

Once the interior region 966 becomes sufBdentty pressurized, the tubular 
members 902 and 915 are extruded offof the mandrel 906. The mandrel 906 may 
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be fixed or it may be expandible. During the extrusion process, the mandrel 906 
is raised out of the expanded portions of the tubular members 902 and 915 using 

the support member 904. Duringthi8extrusionpKK»ss.theshoe 908 ispreferably 
substantially stationary. 

5 The plug or dart 974 is preferably placed into the fiuid passage 962 by 

introducing the phigor dart 974into the fluid passage918atasurfacelocationin 
a conventional manner. The phig or dart 974 may comprise any number of 
conventional commerciaUy available devices for plugging a fluid passage such as 
for example. Multiple Stage Cementer (MSG) latch-down plug, Omega latch-down 
10 Pl^go'tbree-wiperlatchdownplugmodifiedinaccordancewiththeteachingsof 
thepresent disclosure. Inapreferred embodiment. theplugor dart 974comprise8 
a MSG latch-down plug available from HalKburton Energy Services in Dallas. TX. 

After placement of the plug or dart 974 in the fluid passage 962. the'non 
hardenable fluidic material is preferably pumped into the interior region 966 at 
16 prepares and flow rates ranging from appn>ximately 34.473 to 620.52813 bar (500 to 

optimally extrude the tubular members 902 and 915 ofTof the mandrel 906 

For typical n^ular o^cbcrs 902 and 915. the ext^sion of the tubular memben 902 and 915 off 

34.473 to 620.52813 bar (500 to 9.000 psi). In a prefaced en^odin.„, the ex^„ of ^ ^ 
902 and 9.5 off of the ^ndre, 906 beg^s when the press^e of the intetior ^ion 966 reaches 

4™!J'''" '-'^ '''' ' - - --^^^ - 

TO 1 .7«« Imtjtaimtt (40 „ 1250 

DiTOg 0,c exlrmioB p™c«s. the ^mba 906 may be raised out of ihe expanded 

L ' '""'^''™'"»'»-™««.<tatogO,eex,™«o„p™ce.,U« 
m»*.l 906 „ om of U» expands, port«„ o,a,e mbute member 902 and 91 5 
« »•« r.np»g fiom .bo„, 0 .o 0.6096 m/. (0 ,o 2 ft,«c) in order u, optimally provide 
P".l.ng speed fas, enough ,„ penrt, .ffleio,, .p,„«on ^ p,™i. m expar^ion of .he 
..bular member, 902 and 915 prior ,o curing of tfre hardenable flnidic sealing ma«Ha, 

bu.™„«.faa,ta«melyadju«me„,ofoper.tfngp.rame,er,4uringope,atils ' 
30 prevented. *^ 



When the upper end portion of the tubular member 915 is extruded off of 

the mandrel 906, the outer surface of theupper end portion ofthe tubular member 
915 wiU preferably contact the interior surface of the lower end portion of the 

existingcasingtoformanfluidtightoverlappingjoint. The contact pressure ofthe 
5 overlapping joint may range, for example, from approximately 3.447379 to 1,278.9514 
bar (50 to 20,000 psi). hi a preferred embodiment, the contact pressure ofthe 
overlapping joint between the upper end ofthe tubular member 915 and the existing 
section of wellbore casing ranges fit>m approximately 27.579028 to 689.4757 bar (400 to 
1 0,000 psi) in Older to optimaUy provide contact pressure to activate the sealing members 
and provide optimal resistance such that die tubular member 915 existing wellbore casing 
will cany typical ttaisile and compressive loads. 

In a preferred embodiment, the operatingpressure and How rate ofthe non 
hardenable fluidic material will be controUably ramped down when the mandrel 
906 reaches theupperendportionofthetubularmember915. In this manner, the 

15 sudden release of pressure caused hy the complete extrusion of the tubular 
member 915 off of the expandable mandrel 906 can be minimized. In a preferred 
embodiment, the operating pressure is reduced in a substantially hnear fashion 
from 100% to about 10% dmrmg the end ofthe extrusion process beginning when 
the mandrel 906 has completed approximately aU but about the last 5 feet of the 

20 extrusion process. 

In an alteruative preferred embodiment, the operatingpressure and/or flow 
rate ofthe hardenable fluidic sealing material and/or the non hardenable fluidic 
material are controDed during aU phases ofthe operation ofthe apparatus 900 to 

minimize shock. 

25 Altematively,orincombmation,ashockabsorberiaprovidedmthesupport 
member 904morder to absorb theshockcausedbythe sudden releaseof pressure. 
Alternatively, or in combination, a mandrel catching structure is provided 

above the support member 904 inorderto catch or at least decelerate the mandrel 
906. 

30 Once the extrusion process is completed, the mandrel 906 is removed from 

the wellbore. In a preferred embodiment, either before or after the removal of the 
mandrel 906. the integrity ofthe fluidic seal ofthe overlapping joint between the 
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upper portion of the tabular member 915 and the lower portion of the existing 
casing is tested using conventional methods. Ifthefluidic seal of the overlapping 
joint between the upper portion of the tubular member 915 and the lower portion 
of the existing casing is satisfactory, then the uncored portion of any of the 
5 hardenable fluidic sealing material within the expanded tubular member 915 is 
then removed in a conventional manner. The hardenable fluidic sealing material 
within the annular region between the expanded tubular member 915 and the 
existing casing and new section of wellbore is then allowed to cure. 

Preferably any remaining cured hardenable fluidic seaUng material within 

10 the interior of the expanded tubular members 902 and 915 is then removed in a 
conventional manner using a conventional drill string. The resulting new section 
of casing preferably includes the expanded tubular members 902 and 915 and an 
outer annular hgrer of cured hardenable fluidic sealing materiaL The bottom 
portion of the apparatus 900 comprising the shoe 908 may then be removed by 

15 drilling out the shoe 908 using conventional drilling methods. 

In an alteniative embodiment, during the extrusion process, it may be 

necessary to remove theentireapparatus 900 from the interior ofthe wellbore due 
toamalftmction. In this drcumstance, a conventional driU string is used to drill 
out the interior sections of the apparatus 900 in oider to facilitate the removal of 
20 the remaining sections. In a preferred embodiment, the interior elements of the 
apparatus 900 are febricated from materials such as, for example, cement and 
aluminum, that permit a conventional drill string to be employed to drill out the 
interior components. 

In particular, in a preferred embodiment, the composition of the interior 
25 flections of the mandrel 906 and shoe 908, including one or more of the body of 
cement 932, the q«««r 938, the sealing sleeve 942, the upper cone retainer 9«^ 
the lubricator mandrel 946. the hibricator sleeve 948, the guide 950, the housing 
964. the bo«r of cement 956, the sealing sleeve 968, and the extension tube 960. 
are selected to permit at least some of these components to be drilled out usin^ 
30 conventional drilling methods and ^paratus. In this manner, in the event of a 
mal&nction downhole. the apparatus 900 may be easUy removed from the 
wellbore. 
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Keferring now to Figs. 10a, 10b, 10c, lOd, lOe, lOf, and lOg a method and 
apparatus for creating a tie-back liner in a weUbore will now be described. As 
illustrated in Fig. lOa, a weUbore 1000 positioned in a subterranean formation 
1002 includes a first casing 1004 and a second casing 1006. 

5 The first casing 1004 preferabfy includes a tubular liner 1008 and a ceznent 
annulus 1010. The second casing 1006 preferably includes a tubular liner 1012 
and a cement annuhis 1014. In apreferzed embodiment, the second casing 1006 
is formed by eqianding a tubular member substantialfy as described above with 
reference to Figs. l-9c or below with reference to Figs, lla-llf. 

10 In a particularly preferred embodiment, an upper portion of the tubular 

hner 1012 overlaps with a lower portion of the tubular liner 1008. In a particularly 
preferred embodiment, an outer surface of the upper portion of the tubular liner 
1012 includes one or more sealing members 1016 for providing a fluidic seal 
between the tubular liners 1008 and 1012. 

15 Referring to Fig. 10b, in order to create a tie-back liner that extends from 

the overlap between the first and second casings, 1004 and 1006, an apparatus 
1100 is preferably provided that inchides an expandable mandrel or pig 1105, a 
tubular member 1110, a shoe 1115, one or more cup seals 1120, a fluid passage 
1130, a fhiid passage 1135, one or more fluid passages 1140, seals 1145, and a 
20 support member 1150. 

The expandable mandrel or pig 1105 is coupled to and supported by the 
support member 1150. The expandable mandrel 1105 is preferably adapted to 
controllably e^>and in a radial direction. The expandable mandrel 1105 may 
comprise any number ofconventional commercially available expandable mandrels 
25 modifiedinaccordance with the teaching8ofthepresentdisclosuie.Inapreferred 
embodiment, the expandable mandrel 1105 comprises a hydraulic expansion tool 
substantially as disclosed in U.S. Pat No. 5,348,095, the disclosure of which is 

incorporated herein by reference, modified in accordance with the teachings of the 
inesrait disclosure. 

30 The tubular member 1110 is coupled to and supported by the expandable 
mandrel 1105. The tubular member 1105 is expanded in the radial direction and 
extruded ofiT of the expandable mandrel 1105. "Hie tubular member 1110 may be 

06 



^ fabricated from any number of materials such as, for exai9i>Jei pilfieltf oiontii . • • 
TubuJar Goods, 13 chromium tubing or plastic piping. In a preferred embodiment, 
the tubular member 1 1 10 is fabricated from Oilfield Country Tubular Goods. 

The inner and outer diameters of the tubular member 1 1 10 may range, for 
example, from approximately 1.905 to 1 19.38 cms (0.75 to 47 inches) and 2.667 to 
121.92 cms (1.05 to 48 inches), respect^ely. In a prefeired embodiment, the inner 
and outer diameters of the tubular member 1110 range from about 7.62 to 39.37 
cms (3 to 15.5 Inches) and 8.89 to 40.64 cms (3.5 to 16 inches), respectively in 
order to optimally provide coverage for typical oilfield casing sizes. The tubular 
member 1 1 10 preferably comprises a soUd member. 

In a preferred embodiment, the upper end portion of the tubular member 
11 1 0 is slotted, perforated, or otherwise modified to catch or slow down the 
mandrel 1 105 when it completes the extnislon of tubular member 1 1 10. In a 
prefeired embodiment, the length of the tubular member 1 1 10 Is limited to 
minimize the possibility of buckling. For typical tubular member 1 1 10 materials, 
the length of the tubular member 1 1 1 0 is preferably limited to between about 
12.192 to 6096m (40 to 20.000 feet) in length. 

The shoe 1 1 15 is coupled to the expandable mandrel 1 105 and the tubular 
member 1110. Hie shoe 11 15 includes the fluid passage 1135. The shoe 11 15 may 
comprise any number of conventional commercially available shoes such as. for 
example. Super Seal II float shoe, Super Seal II Down-Jet float shoe or a guide shoe 
with a sealing sleeve for a latch down plug modified in accoixlance with the 
teachings of the present disclosure. In a preferred embodiment, the shoe 1115 
comprises an aluminum down-jet guide shoe with a sealing sleeve for a latch- 
down plug with side ports radiating off of the exit flow port available from 
Halliburton Energy Services In Dallas, TX, modified in accordance with Uie 
teachings of the present disclosure, in oider to optimally guide the tubular member 
1 100 to the overlap between the tubular member 1 100 and the casing 1012, 
optimally fluldicly isolate Qie interior of the tubular member 1 1 00 after the latch 
down plug has seated, and optimally pennit drilling out of ttie shoe 1 1 1 5 after 
completion of the expansion and cementing operations. 

In a prefenred embodiment, ttie shoe 1 1 15 includes one or more side ouUet 
ports 1 140 in fluidic communication witti tfie fluid passage 1 135. In this manner. 
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the shoe 1115 iiyectshardenable fluidic sealingmaterialinto theregion outside the 

shoe 1115 and tubular member 1110. In a preferred embodiment, the shoe 1115 

includes one or more of the fluid passages 1140 each having an inlet geometry that 

canreceiveadartand/oraballsealingmember. In this manner, the fluid passages 

5 1140canbesealedoffbyintroducingaplug.dartand/orbaUsealingelementsinto 
the fluid passage 1130. 

The cup seal 1120 isooupled to and supported by the support member 1150. 
The cup seal 1120 prevents foreign materials from entering the interior region of 
the tubular member 1110 adjacent to the expandable mandrel 1105. The cup seal 
10 1120 may comprise any number of conventional commercially available cup seals 
such as. for example. TP cups or Selective Injection Packer (SIP) cups modified in 
accordance with the teachings of the present disclosure. In a preferred 
embodiment, the cup seal 1120 comprises a SIP cup. available from Halliburton 
Energy Services in Dallas, TX in order to optimally provide a hairier to debris and 
15 contain a body of lubricant. 

The fluid passage 1130 permits fluidic materials to be transported to and 
from the interior region of the tubular member 1110 below the expandable 
mandrel 1105. The fluid passage 1130 is coupled to and positioned within iJie 
support member 1150 and the expandable mandrel 1105. The fluid passage 1130 
20 preferably extends from a position adjacent to the surfkce to the bottom of the 
expandable mandrel 1105. The fluid passage 1130 is preferably positioned along 
a centerline of the apparatus 1100. The fluid passage 1130 is preferably selected 
to transport materials such as cement, drilling mud or epoxies at flow rates and 
pressures ranging from about 0 to 11356.2355 litres/minute (0 to 3.000 gallons/minute) 
25 and 0 to 620.52813 bar (0 to 9.000 psi) in order to optimally provide sufficient operating 
pressures to circulate fluids at operational efficient rates. 

Thefluidpassagell36pennitsfluidicmaterialstobetransmittedfromfluid 
passage 1 130 to the interior of the tubular member 11 10 below tiie mandrel 1 105. 
The fluid passages 1140 permits fluidic materials to be transported to and 
30 from the region exterior to the tubular member 1110 and shoe 1115. The fluid 
passages 1140 are coupled to and positioned within the shoe 1115 in fluidic 
communication with the interior region of the tubular member 1110 below the 



expaadable mandrel 1105. The fluid passages 1140 preferably have a cross- 
sectional shape that permits a plug, or other similar device, to be placed in the fluid 
passages 1140 to thereby block further passage of fluidic materials. In this 
manner, the interior region of the tubular member 1110 below the expandable 
5 mandrel 1105 can be fluidicly isolated from the region exterior to the tubular 
member 1105. This permits the interior region of the tubular member 1110 below 
the ejqpandable mandrel 1105 to be pressurized. 

The fluid passages 1140 are preferably positioned along the periphery of the 
shoe 1115. The fluid passages 1140 are preferably selected to convey materials 
10 such as cement, drilling mud or epoxies at flow rates and pressures ranging from 
about 0 to 11 356.2355 litres/minute (0 to 3,000 gallons/minute) and 0 to 62.52813 bar (0 
to 9,000 psi) in order to optimally fill the annular region between the tubular member 
1 1 10 and the tubular liner 1008 with fluidic materials. In a preferred embodiment, the 
fluid passages 1 140 include an inlet geometry that can receive a dart and/or a ball sealing 
member. In this manner, the fluid passages 1 140 can be sealed off by introducing a plug, 
dart and/or ball sealing elements into the fluid passage 1 130. In a preferred embodiment, 
the apparatus 1 100 includes a plurality of fluid passage 1 140. 

In an alternative embodiment, the base of the shoe 1115 includes a single 
inlet passage coupled to the fluid passages 1140 that is adapted to receive a plug. 
20 or other similar device, to permit the interior region of the tubular member 1110 
to be fluidicly isolated from the exterior of the tubular member 1110. 

The seals 1145 are coupled to and supported by a lower end portion of the 
tubular member 1110. The seals 1145 are further positioned on an outer surface 
of the lower end portion of the tubular member 1110. The seals 1145 permit the 
25 overlapping joint between the upper end portion of the casing 1012 and the lower 
end portion of the tubular member 1110 to be fluidicly sealed. 

The seals 1145 may comprise any number of conventional commercially 
available seals such as, for example, lead, robber. Teflon™ br epoxy seals modified 
in accordance with tiie teachings of the present disclosure. In a preferred 
30 embodiment,thesealsll45comprisesealsmoldedfromStratalockepoxyavailable 
from Halliburton Energy Services in DaUas, TX in order to optimally provide a 
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hydraulic seal iBtheoverlapprngjointand optimally provide iMdc^ 
to withstand the range of typical tensUe and compressive loads. 

In a preferred embodiment, the seals 1 145 are selected to optimaUy provide 
asuffidentfrictionalforcetosupportthe«cpandedtubularmemberlllOfh>mthe 
5 tubular liner 1008. In a preferred embodiment, the ftictional force provided by the 
seals 1 145 ranges from about 68.94757 to 68. 947.57 bar (1.000 to 1.000. 000 IbO in tension and 
compression in order to optimally support the expanded tubular member 1 1 10. 

The support member 1150 is coupled to the expandable mandrel 1105 
tubular member 1110. shoe 1116. and seal 1120. The support member 1160 
10 preferably comprises an annular member having sufRdent strength to carry the 
apparatus 1100 into the weUbore 1000. In a preferred embodiment, the support 
member 1150 further includes one or more conventional centralizers (not 
Ulustrated) to help stabiUze the tubular member 1110. 

In a preferred embodiment, a quantity of lubricant 1150 is provided in the 
15 annular region above the expandable mandrel 1105 within the interior of the 
tubular member 1110. In this mamier. the extrusion of the tubular member 1110 
off of the expandable mandrel 1105 is fadUtated. The hibricant 1150 may 
compnse any number of conventional commerdaUy available lubricants such as 
forexamplcLubriplate™ chlorinebasedlubricantsorCliinax 1500 Antisieze (3100). 
20 In a preferred embodiment, the lubricant 1150 comprises Climax 1500 Antiseize 
(3100) available from Climax Lubricants and Equipment Co. in Houston. TX in 
order to optunally provide lubrication for the extrusion process. 

Inapreferred embodiment, thesupport member 1150isthoroughlydeaned 
pnor to assembly to the remaining portions of the apparatus 1100. In this 

25 ™.theinlxoductionofforeignmaterialintotheappaxatusllOOismim^ 
ms minimizes the possibiUty of foreign material dogging the various flow 

passages and valvesoftheapparatusllOOandtoensurethatnoforeign material 
mterferes with the expansion mandrel 1106 during the extrusion process 

In a particularly preferred embodiment, the apparatus 1100 includes a 
30 padcer 1155 coupled to the bottom section of the shoe 1115 for fluidicly isolating 

theregionoftheweUborelOOObelowtheapparatusllOO.IntJusmanner.fluidic 
materials are prevented from entering the region of the wellbore 1000 below the 
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apparatus 1100. The packer 1155 may comprise any number of conventional 
commercially available packers such as, for example, EZ DrUl Packer. EZ SV 
Packer or a drillable cement retainer. In a preferred embodiment, the packer 
1155 comprises an EZ Drill Packer available from Halliburton Energy Services in 
5 Dallas, TX. In an alternative embodhnent, a high gel strength piU may be set 

belowfchetie.backinplaceofthepackerll55.Inanotheraltemativeembodiment, 
tiie packer 1 155 may be omitted. 

In a preferred embodiment, before or after positioning the apparatus 1 100 
within the wellbore 1100. a couple of wellbore volumes are circulated in order to 
10 ensure that no foreign materials are located witiun the wellbore 1000 that might 
clog up the various flow passages and valves of the apparatus 1 100 and to ensure 
that no foreign material interferes with the operation of the expansion mandrel 



1106. 



As illustrated in Fig. 10c. a hardenablefluidic sealing material 1160 is then 
15 pumped from a surface location into the fluid passage 1130. The material 1160 
aien passes from the fluid passage 1130 into the interior region of the tubuhir 
member 1110 below the expandable mandrel 1105. llxematerial 1160 thenpasses 

from the interior region of the tubularmemberlllOinto the fluid passageslMO 
The material 1160 then exite the apparatus 1100 and fills the annular region 
20 between the exterior of the tubular member 1110 and the mterior wall of the 

tubular liner 1008. Continued pumping of the material 1160 causes the material 
1160 to fill up at least a portion of the annular region. 

nie material 1 160 nuiy be puntped into the annular region a. pressures and flow ^^tes 
ranging, for example, from about 0 to 344.73785 bar (0 to 5.000 psi) and 0 to 5678 1177 
25 m^minute (0 to UOO gallons/min). respectively. Ih a prefet^d embodiment, the material 
1 160 .s pumped into the annular region at pressutes and flow n»tes specifically designed for the 
casmg sizes being run. the a«,ular spaces being filled, the pumping equipment available, and the 
properties of the fluid being pumped. The optimum flow rates and pressures are preferably 
calculated using conventional empirical methods. 

30 The hardenable fluidic sealing material 1 160 may comprise any number of 

conventional commerciallyavaUablehardenablefluidicsealingmaterials^^^^ 
for example, slag mix, cement or epoxy. In a preferred embodiment, the 

^1 



hardenable fluidic sealing material 1160 comprises blended cements specifically 
designed for well section being tied-back, available from Halliburton Energy 
Services in Dallas, TX in order to optimal^ provide proper support for the tubular 
member 1110 while main training optimum flow characteristics so as to minimize 
5 operational difBculties during the displacement of cement in the annular region. 
The optimum blend of the blended cements are preferably determined ii«ing 
conventional empirical methods. 

The annular region may be filled with the material 1160 m sufficient 
quantities to ensure that, upon radial e^iansion of the tubular member 1110, the 

10 annular r^on will be filled with material 1160, 

As lUustrated in Fig. lOd, once the annular region has been adequately filled 
with material 1160, one or more plugs 1165, or other similar devices, preferably 
are introduced into the fluid passages 1 140 thereby fluididy isolating the interior 
region of the tubular member 1 1 10 from the annular region external to the tubular 

15 member 1110. In a preferred embodiment, anon hardenable fluidic material 1161 
is then piunped into the interior region of the tubular member 1110 below the 
mandrel 1105 causingtheinteriorr^ontopresBurize. In a particular]|y preferred 
embodiment, the one or more plugs 1 165 , or other similar devices, are introduced 
into the fluid passage 1140 with the introduction of the non hardenable fluidic 

20 material. In this manner, the amount of hardenable fluidic material within the 
interior of the tubular member 1110 is minimized. 

As illustrated in Fig. lOe, once the interior region becomes sufficiently 
pressurized, the tubular member 1110 is extruded off of the expandable mandrel 
1105. During the eztruaion process, the expandable mandrel 1 105 is raised out of 

25 the expanded portion ofthe tubular member 1110. 

The plugs 1165 are preferably placed into the fluid passages 1140 by 
introducing the plugs 1165 into the fluid passage 1 130 at a surface location in a 
conventional manner. The plugs 1165 may comprise any number of conventional 
commercial^ available devices from plugging a fluid passage such as, for example, 

30 brass balls, plugs, rubberball%ordartsmodiBedinaccordancevri^ 
ofthe present disclosure. 

ST. 
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In a preferred embodiment, the plugs 1165 comprise low density rubber 
balls. In an alternative embodiment, for a shoe 1105 having a common central 
inlet passage, the plugs 1165 comprise a single latch down dart. 

After placement of the plugs 1 165 in tbe fluid passages 1 140. the Don hardenaWe fhiidic material 
5 1161 is preferably pumped "to the interior region of the tubular member 1 110 below the mandrel 1105 at 
pressures and flow rates ranging from approximately 34.473 to 620.52813 bar (500 to 9.000 psi) ^ 
151.4164 to 1 13. 562.355 Htres/minute (40 to 30.000 gallons/min). In a preferred embodiment, after 
placement of the plugs 1165 in the fluid passages 1140. the non hardenable flmdic material 1161 is 
preferably pmnped into the interior region of the tubular member 1110 below the mandrel 1105 at 
pressures and flow rates ranging from approximately 82.737 to 586.0543 bar (1200 to 8500 psi) and 
151.4164 to 4731.7648 iitres/minutc (40 to 1250 gallons/min) in order to optimaUy provide extmsion of 
typical tubuJars. 

For typical tubular inembcrs 1 1 10. the extrusion of the tubular member 1 110 off 
of the expandable mandrel 1 105 will begin when the pressure of the interior region of the 
tubular member 1110 below the mandrel 1105 reaches, for example, approximately 
82.737 to 586.0543 bar (1200 to 8500psi). In a prefer«d embodiment, the extrusion of 
the tubular member 1 1 10 off of the expandable mandrel 1 105 begins when the pressure 
of the mtenor region of the tubular member 1110 below the mandrel 1 105 i^hes 
approximately 82.737 to 586.0543 bar (1200 to 8500 psi). 

During the extnjsion process, the expandable mandrel 1105 may be laised out of 
the expanded portion of the tubular member 1 1 1 0 at rates ranging, for example, fiom 
20 about0tol .524m/s(0to5fl/sec). In a preferred embodiment, during the extnision 
process, the expandable mandrel 1 105 is raised out of the expanded portion of the tubular 
member 1 1 1 0 at rates ranging from about 0 to 0.6096 m/s (0 to 2 ft/sec) in order to 
optimally provide permit adjustment of operational parameters, and optimally ensure that 
the extrusion process will be completed before the material 1 160 cures. 

25 



In a preferred embodiment, at least a portion 1180 of the tubular member 

lllOhasanintemal diameter lessthantheoutside diameter of the mandrelllOS 

^^t»^-^er. when the mandrel 1105 e^cpands the section 1180 of the tubular 
30 member 1110. at least a portion of the e^ded section 1180 effects a seal with 

atleastthewellboreca8ingl012. In a particularly preferred embodiment the seal 
IS effected by compressing the seals 1016 between the expanded section 1180 and 
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the wellbore casing 1012. In a preferred embodiment, the contact pressure of the 

joint between the expanded section 1180 of the tubular member IllOand the 
casing 1012 ranges from about 34.473785 to 689.6757 bar (500 to 10.000 psi) in 
order to opUmally provide pressure to activate the sealing membens 1145 and 
provide optimal resistance to ensure ttiat the ioinl will withstand typical extremes 
of tensile and compresshre loads. 

In an altemathre prefen'ed embodiment, substantially all of the entire length 
of tfie tubular member 1 1 1 0 has an Internal diameter less than the outside 
diameterof the mandrel 1105. In this manner, extmsion of the tubular member 
1 1 10 by the mandrel 1 105 results in contact between substantially all of tiie 
expanded tubular member 1 MO and the existing casing 1008. In a preferred 
embodiment, the contact pressure of tfie joint between Uie expanded tubular 
member 1 1 10 and Uie casings 1008 and 1012 ranges from about 34.473785 to 
689.6757 bar (500 to 1 0,000 psi) in order to optimally provide pressure to activate 
the sealing members 1 145 and provide optimal resistance to ensure tiiat ttie joint 
will witfistand typical extremes of tensile and compressive loads. 

In a preferred embodiment, ttie operating pressure and flow rale of ti,e 
material 1 161 is controllably ramped down when the expandable mandrel 1 105 
reaches tfie upper end portion of the tubular member 1 1 10. In tiiis manner. ti,e 
sudden release of pressure caused by ttie complete extmsion of ttie tubular 
member 1 1 10 off of ttie expandable mandrel 1 105 can be minimized. In a 

preferred embodiment, ttie operating pressure of tfie fluidic material 1161 is 
reduced in a substantially linear fashion from 100% to about 10% during tiie end of 
tfie extmsion process beginning when tfie mandrel 1 105 has completed 
approximately all but about 1 .524m (5 feet) of tfie extrusion process. 

Alternatively, or in combination, a shock absoi1>er is provided in tfie support 
member 1 150 In order to absort, tfie shock caused by tfie sudden release of 
pressure. 

Altematively. or in combination, a mandrel catching stnicture is provided in 
the upper end portion of tfie tubular member 1 1 1 0 in order to catch or at least 
decelerate tfie mandrel 1 105. 



Referring to Fig. 10f» once the extrusion process is completed, the 
expandable mandrel 1105 is removed from the wellbore 1000. In a preferred 
embodiment, either before or after the removal of the eiqpandable mandrel 1105, 
the integrity of the fhiidic seal of the joint between the upper portion of the 
5 tubular member 1110 and the upper portion of the tubular liner 1108 is tested 
using conventional methods. If the fluidic seal of the joint between the upper 
portion of the tubxilar member 1110 and the upper portion of the tubular liner 
1008 is satisfactory, then the uncuied portion of the material 1160 within the 
expanded tubular member 1110 is then removed in a conventional manner. The 

10 material 1160 within the annular region between the tubular member 1110 and 
the tubular liner 1008 is then allowed to cure. 

As illustrated in Fig. lOf, preferably any remaining cured material 1160 
within the interior of the expanded tubular member 1110 is then removed in a 
conventional manner using a conventional drill string. The resulting tie-back liner 

15 of casing 1170 includes the expanded tubular member 1110 and an outer Annular 
layer 1175 of cured material 1160. 

As illustrated in Fig. lOg, the remaining bottom portion of the apparatus 
1100 comprising the shoe 1115 and packw 1155 is then preferably removed by 
drilling out the shoe 1115 and {lacker 1155 using conventional drilling methods. 

20 In a particularly preferred embodiment, the apparatus 1100 incorporates 

the apparatus 900. 

Referring now to Figs, lla-llf, an embodiment ofan apparatus and method 
for hanging a tubular liner off of an existing wellbore casmg will now be described. 
As illustrated in Fig. 11a, a wellbore 1200 is positioned in a subterranean 

25 formation 1205. The wellbore 1200 includes an existing cased section 1210 having 
a tubular casing 1215 and an annular outer layer of cement 1220. 

In order to extend the wellbore 1200 into the subterranean formation 1205, 
a drill string 1225 is used in a well known manner to drill out material from the 
subterranean formation 1205 to form a new section 1230. 

30 As illustrated in Fig. lib, an apparatus 1300 for forming a wellbore casing 

in a subterranean formation is then positioned in the new section 1230 of the 
wellbore 100. The am^aratus 1300 preferabfy includes an expandable mandrel or 
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pig 1305, a tubularmember 1310. a shoe 1315, a fluid passage 1320, a fluid passage 
1330, a fluid passage 1335, seals 1340, a support member 1345, and a wiper plug 
1350. 

The expandable mandrel 1305 is coupled to and supported by the support 
5 member 1345. The expandable mandrel 1305 is preferably adapted to controllably 
expand in a radial direction. The expandable mandrel 1305 may comprise any 
number of conventional commercially available expandable mandrels modified in 
accordance with the teachings of the present disclosure. In a preferred 
embodiment, the expandable mandrel 1305 comprises a hydraulic expansion tool 
10 substantially as disclosed in U.S. Pat. No. 5.348.095, the disclosure of which is 
incorporated herein by reference, modified in acconiance with the teachings of the 
present disclosure. 

The tubular member 1310 is coupled to and supported by the expandable 
mandrel 1305. The tubular member 1310 is preferably expanded in the radial 

15 direction and extruded ofTof the expandable mandrel 1305. The tubular member 
131 0 may be fabricated from any number of materials such as, for example. Oilfield 
Countiy Tubular Goods (OCTG), 13 chromium steel tubmg/casing or plastic 
casing. In a preferred embodiment, the tubular member 1310 is fabricated from 
OCTG. Theinnerandouterdiametersofthetubularmember 1310 may range, for 

20 example, fiora approximately 1.905 to 1 19.38 cms (0.75 to 47 inches) and 2.667 to ' " 
121.92 cms (1.05 to 48 inches), respectively. In a preferred embodiment, the inner and 
outer diameters of the tubular member 1310 range fiom about 7.62 to 39.37 cms (3 to 
15.5 inches) and 8.89 to 40.64 cms (3.5 to 16 inches), respectively in order to optimally 
provide minima] telescoping effect in the most commonly encountered wellbore sizes. 

25 In a preferred embodiment, the tubular member 1310 includes an upper 

portion 1355, an intermediate portion 1360, and a lower portion 1365. In a 

preferred embodiment, the wall thickness and outer diameter of theupper portion 

1355 of the tubular member 1310 nmge fiom rt«ut 0.375 to 3.81 cms (3/8 to 1 V4 iiKhes) and 8.89 to 40.64 
cms (3 V4to 16 inches), respectively. In a preferred embodiment, the wall thickness and outer diameter of 
30 the intermediate ponion 1360 of .he mbular member 1310 «nge Iron, about 1.5825 to 1.905 cms (0.625 to 
0.75 inches) and 7.62 to 48.26 cms (3 to 19 inches), respectively. In a preferred embodiment, the wall 
thickness and outer diameter of the lower portion 1365 of 



the tubular member 1310 range from about 0.375 to 3.81 cms (3/8 to 1.5 inches) 
and 8.89 to 40.64 cms (3.5 to 16 inches), respectively. 

In a particularly prefenred embodiment, the wall thickness of the 
intemiediate section 1360 of the tubular member 1310 is less than or equal to the 
wall thickness of the upper and lower sections, 1355 and 1365, of the tubular 
memt>er 1310 in order to optimally faciliate the initiation of the extmsion process 
and optimally pennit the placement of the apparatus in areas of the wellbore 
having tight clearances. 

The tubular member 1310 preferably comprises a solid member. In a 
preferred embodiment, the upper end portion 1355 of the tubular member 1310 is 
slotted, perforated, or otherwise modified to catch or slow down the mandrel 1305 
when it completes the extrusion of tubular member 1310. In a preferred 
embodiment, the length of the tubular member 1310 is limited to minimize the 
possibili^ of buckling. For typical tubular member 1310 materials, the length of 
the tubular member 1310 is preferably limited to between about 12.192 to 6096 m 
(40 to 20,000 feet) in length. 

The shoe 1315 is coupled to the tubular member 1310. The shoe 1315 
preferably includes fluid passages 1330 and 1335. The shoe 1315 may comprise 
any number of conventional commercially available shoes such as, for example. 
Super Seal II float shoe, Super Seal II Down-Jet float shoe or guide shoe with a 
sealing sleeve for a latch-down plug modlfled in accordance with the teachings of 
the present disclosure. In a preferred embodiment, the shoe 1315 comprises an 
aluminum down-jet guide shoe with a sealing sleeve for a latch-down plug 
available from Halliburton Energy Services in Dallas, TX, modified in accordance 
with the teachings of the present disclosure, in order to optimally guide the tubular 
member 1310 into the wellbore 1200, optimally fluidicly isolate the interior of the 
tubular member 1310, and optimally pemnit the complete drill out of the shoe 1315 
upon the completion of the extrusion and cementing operations. 

In a preferred embodiment, the shoe 1315 further includes one or more side 
outlet ports in fluidic communication with the fluid passage 1330. In this manner, 
the shoe 1315 preferably injects hardenable fluidic sealing material into the region 
outside the shoe 1315 and tubular member 1310. In a preferred embodiment, the 
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shoe 1315 includes the fluid passage 1330 having an inlet geometry that can 
receive a fluidic sealing member. In this manner, the fluid passage 1330 can be 
sealed off by introducing a plug, dart and/or ball sealing elements into the fluid 
passage 1330. 

5 The fluid passage 1320 permits fluidic materials to be transported to and 

from the interior region of the tubular member 1310 below the expandable 
mandrel 1305. The fluid passage 1320 is coupled to and positioned within the 
support member 1345 and the expandable mandrel 1305. The fluid passage 1320 
preferably extends from a position adjacent to the surface to the bottom of the 
10 expandable mandrel 1305. The fluid passage 1320 is preferably positioned along 
a centerline of the apparatus 1300. The fluid passage 1320 is preferably selected 
to transport materials such as cement, drilling mud, or epoxies at flow rates and 
pressures ranging from about 0 to 1 1356.2355 litres/minute (0 to 3.000 gallons/minute) 
and 0 to 620.52813 bar (0 to 9.000 psi) in order to optimally provide sufficient operating 
j5 pressures to circulate fluids at operationally efficient rates. 

The fluid passage 1330 permits fluidic materials to be transported to and 
from the region exterior to the tubular member 1310 and shoe 1316. The fluid 
passage 1330 is coupled to and positioned within the shoe 1315 in fluidic 
communication with the interior region 1370 of the tubular member 1310 below 
20 the expandable mandrel 1305. The fluid passage 1330 preferably has a cross- 
sectional shi^e that permits a plug, or other similar device, to be placed in fluid 
passage 1330to thereby blockfurtherpassageoffluidicmaterials. In this manner, 
the interior region 1370 of the tubular member 1310 below the expandable 
mandrel 1305 can be fluidicly isolated from the region exterior to the tubular 
25 member 1310. This permits the interior region 1370 ofthe tubular member 1310 
below the expandable mandrel 1305 to be pressurized. The fluid passage 1330 is 
preferably positioned substantiaUy along the centerline of the apparatus 1300. 

The fluid passage 1330 is preferably selected to conv^ materials such as 
cement, drillmg mud or epoxies at flow rates and pressures ranging from about 0 to 11356 2355 
30 htrcs/minute (0 to 3.000 gallons/minute) and 0 to 620.52813 bar (0 to 9.000 psi) in order to 
optimally fill the annular region between the tubular member 1310 and the new section 1230 of 
the wellbore 1200 with fluidic materials. In a p^ferred embodiment, the fluid passage 1330 
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includes an inlet geometiy that can receive a dart and/or a ball sealing member. 
In this manner, the fluid passage 1330 can be sealed oflf by introducing a plug, dart 
and/or ball sealing elements into the fluid passage 1320. 

The fluid passage 1335 permits fluidic materials to be transported to and 
5 from the region exterior to the tubular member 1310 and shoe 1315. The fluid 
passage 1335 is coupled to and positioned within the shoe 1315 in fluidic 
communication with the fluid passage 1330. The fluid passage 1335 is preferably 
positioned substantiaUy along the centerline of the apparatus 1300. The fliud 
passage 1335 is preferably selected to convey materials such as cement, drilling 
10 mud or epoxies at flow rates and pressures ranging from about 0 to 1 1356.2355 

litres/minute (0 to 3.000 gallons/minute) and 0 to 620.52813 bar (0 to 9,000 psi) in order 
to optimally fill the annular region between the tubular member 1310 and the new section 
1 230 of the welibore 1200 with fluidic materials. 

The seals 1340 are coupled to and supported by the upper end portion 1355 
15 of the tubular member 1310. The seals 1340 are further positioned on an outer 
surface of the upper end portion 1355 of the tubular member 1310. The seals 1340 
permit the overlapping joint between the lower end portion of the casing 1215 and 
the upper portion 1365 of the tubular member 1310 to be fluidicly sealed. The 
seals 1340 may comprise any number of conventional commercially available seals 
20 such as, for example, lead, rubber, Teflon™, or epoxy seals modified in accordance 

with the teachings of the present disclosure. In a preferred embodiment, the seals 
1340 comprise seals molded from Stratalock epoxy available from Halliburton 
Energy Services in Dallas, TX in order to optimally provide a hydraulic seal in the 
annulus of the overlapping joint while also creating optimal load bearing capabiliiy 
25 to withstand typical tensile and compressive loads. 

In a preferred embodiment, the seals 1340 are selected to optimally provide 
a sufficient firictional force to support the expanded tubular member 13 10 from the 
existing casing 1216. In a preferred embodiment, the frictional force provided by 
the seals 1340 ranges from about 68.94757 to 68,947.57 bar (1,000 to 1,000,000 Ibl) in 
30 order to optimally support the expanded tubular member 1310. 

The support member 1345 is coupled to the expandable mandrel 1305. 
tubular member 1310, shoe 1316, and seals 1340. The support member 1345 
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preferably comprises an annular member having sufficient strength to cany the 
apparatus 1300 into the new section 1230 of the wellbore 1200. In a preferred 
embodiment, the support member 1345 further includes one or more conventional 
centralizers (not ilhistrated) to help stabilize the tubular member 1310. 
5 inapreferredembodimfint,thesupportmemberl345isthoroughlycleaned 

prior to assembly to the remaining portions of the apparatus 1300. In this 
manner, the introduction of foreign material into the apparatus 1300 is minimized. 
This minimizes the possibiUty of foreign material clogging the various flow 
passages and valves of the apparatus 1300 and to ensure that no foreign material 
10 interferes with the erqnnsion process. 

The wiper plug 1350 is coupled to the mandrel 1305 within the intoior 
region 1370 of the tubular member 1310. The wiper plug 1350 includes a fluid 
passage 1375 that is coupled to the fluid passage 1320. The wiper phig 1350 may 
comprise one or more conventional commercially available wiper plugs such as, for 
15 example, Multiple Stage Cementer latch-down phigs, Omega latch-down phigs or 
three-wiper latch-down plug modified in accordance with the t e a chings of the 
present disclosure. In a preferred embodiment, the ynper plug 1350 comprises a 
Multiple Stage Cementer latch-down plug available from Halliburton Energy 
Services in Dallas, TX modified in a conventional manner for releasable 
20 attachment to the expansion mandrel 1305. 

In a preferred embodiment, before or after positioning the apparatus 1300 
within the new section 1230 of the wellbore 1200, a couple of wellbore vohimes are 
drcttlated in order to msure that no foreign materials are located within the 
wellbore 1200 that mi^t dog up the various flow passages and valves of the 
25 apparatus 1300 and to ensure that no foreign material interferes with the 
extrusion process. 

As illustrated in Fig. 11c, a hardenable fhiidic sealing material 1380 is then 
pumped from a sur&ce location into the fhiid passage 1320. The material 1380 
then passes from the fluid passage 1320, throu^ the fluid passage 1375, and into 

30 the interior region 1370 of the tubular member 1310 bdow the e]q>andable 
mandrel 1305. The material 1380 then passes from the interior region 1370 into 
the fluid passage 1330. The material 1380 then exits the apparatus 1300 via the 



fluid passage 1335 and fills the annular region 1390 between the exterior of the 
tubular member 1310 and the interior wall of the new section 1230 of the wellbore 
1200. Ck>ntinued pumping of the material 1380 causes the material 1380 to fill up 
at least a portion of the annular region 1390. 

5 The material 1 3 80 may be punned into the annular region 1 390 at pressures and flow 

rates ranging, for exanqAe, from about 0 to 344.73785 bar (0 to 5000 psi) and 0 to 5678.1 177 
litres/minute (0 to 1,500 gallons/min), respectively. In a prefened embodiment, the material 
1 380 is pumped into the annular region 1390 at pressures and flow rates ranging from about 0 to 
344.73785 bar (0 to 5000 psi) and 0 to 5678.11 77 litres/minute (0 to 1,500 gallons/min), 
respectively, in order to optimally fill the annular region between the tubular member 1310 and 

^ the new section 1230 of the wellbore 1200 with the hardenable fluidic sealing material 1380. 



The hardenable fluidic sealing material 1380 may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such as, 
for example, slag mix, cement or epoxy. In a preferred embodiment, the 
15 hardenable fluidic sealing material 1380 comprises blended cements designed 

spedficaUyfor the weU section beingdriUed and available from Halliburton Energy 
Services in order to optimaUy provide support for the tubular member 1310 during 
displacementofthe material 1380 in the annular region 1390. The optimum blend 
of the cement is preferably determined using conventional empirical methods. 
20 The annular region 1390 preferably is filled with the material 1380 in 

sufficient quantities to ensure that, upon radial expansion of the tubular member 
13 10, the annular region 1390 of the new section 1230 of the wellbore 1200 wiU be 
filled with material 1380. 

As illustrated in Fig. lid, once the annular region 1390 has been adequately 
25 filled with material 1380. a wiper dart; 1395, or other similar device, is introduced 
intothefluidpassagel320. The wiper dart 1395 is preferably pumped through the 
fluid passage 1320 by a non hardenable fluidic material 1381. The wiper dart 1395 
then preferably engages the wiper plug 1350, 

As iUustrated in Fig. lie. in a preferred embodiment, engagement of the 
30 wiper dart 1395 with the wiper plug 1360 causes the wiper plug 1350 to decouple 
from the mandrel 1305. The wiper dart 1395 and wiper plug 1350 then preferably 
will lodge in the fluid passage 1330, thereby blocking fluid flow through the fluid 



passage 1330, and fluididy isolating the interior region 1370 of the tubular 
member 1310 from the annular region 1390. In a preferred embodiment, the non 
hardenable fluidic material 1381 is then pumped into the interior region 1370 
causing the interior region 1370 to pressurize. Once the interior region 1370 
5 becomes sufficiently pressurized, the tubular member 1310 is extruded off of the 
expandable mandrel 1305. During the extrusion process, the expandable mandrel 
1305 is raised out of the expanded portion of the tubular member 1310 by the 
support member 1345. 

The wiper dart 1395 is preferably placed into the fluid passage 1320 by 
10 introducing the wiper dart 1395 into the fluid passage 1320 at a surface location 
in a conventional manner. The wiper dart 1395 may comprise any number of 
conventional commercially available devices from plugginga fluid passage such as, 
for example, Multiple Stage Cementer latch-down plugs. Omega latch-down plugs 
or three wiper latch-down phig/dart modified in accordance witii the teachings of 
15 the present disclosure. In a preferred embodiment, the wiper dart 1395 comprises 
a three wq>er latch-down plug modified to latch and seal in the Multiple Stage 
Cementer latch down plug 1350. The three wiper latch-down plug is available 
firom Halliburton Energy Services in Dallas, TX. 

After blocking the fhiid passage 1330 using the wiper plug 1330 and wiper 
20 dart 1395, the non hardenable fluidic material 1381 may be pumped into the 
interior region 1370 at pressures and flow rates ranging, for example, from 
approximately 0 to 344.73785 bar (0 to 5000 psi) and 0 to 5678.1177 litres/minute (0 to 
1500 gallons/min) in order to optimally extmde the tubular member 1310 ofiFof the 
mandrel 1305. hi this manner, the amount of hardenable fluidic material within the 
2g intwior of the tubular member 13 1 0 is minimized. 

In a prefeired embodiment, after blocking the fluid passage 1330, the non hardenable 
fluidic material I38I is preferably pumped into the interior region 1370 at pressures and flow 
rates ranging from approximately 34.473 to 620.52813 bar (500 to 9,000 psi) and 151.4164 to 
11356.2355 litres/minute (40 to 3.000 gaOons/min) in order to optimally provide operating 
pressures to maintain the expansion process at rates sufficient to permit adjustments to be made 
30 in operating parameters during the extnision process. 
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For typical tubular members 1310, the extrusion of the tubular member 
1310 off of the expandable mandrel 1305 wiU begin when the pressure of the 

interior region 1370 reaches, for exatq>le. approximately 34.473 to 620.52813 bar (500 to 9.000 psi). In a 
preferred embodiment, the extrusion of the tubular member 1310 off of the 
5 expandable mandrel 1305 is a function of the tubuhir member diameter, waU 
thickness of the tubular member, geometiy of the mandrel, the type of lubricant, 
the composition of the shoe and tubular member, and the yield strength of the 

tubular member. The optimum flow rate and operating pressures are preferably 
determined using conventional empirical methods. 

10 During the extrusion process, the expandable mandrel 1305 may be raised 

out of the expanded portion of the tubular member 1310 at rates ranging, for 
example, from about e tc 1 .524 m/s (0 to 5 fVsec). In a prefeimJ embodiment, during 
the extrusion process, the expandable mandrel 1305 may be raised out of the expanded 
portion of the mbular member 131 0 at rates ranging from about 0 to 0.6096 m (0 to 2 

j5 ft/sec) in order to optimally provide an efficient process, optimally permit operator 
adjustment of operation parameters, and ensure optimal completion of the extrusion 
process before curing of the material 1380. 

When the upper end portion 1355 of the tubular member 1310 is extruded off of 
the expandable mandrel 1305. the outer surface of the upper end portion 1355 of the 
tubular member 1310 will preferably contact the interior surface of the lower end portion 
20 ofthe casing 1215 to form an fluid tight overlapping joint, the contact pressure of the 
overlappmg joint may range, for example, torn approximately 3.447379 to 1,278.95 14 
bar (50 to 20.000 psi). In a preferred embodiment, the contact pressure ofthe 
overlapping joint ranges from approximately 27.579028 to 689.4757 bar (400 to 10 000 
psi) in order to optimally provide contact pressure sufficient to ensure annular scaliiig 

^dP«>vide enough resistance to withstand typical tensile and compressive loads. In a 
particularly preferred embodiment, the sealing member 1340 wiU ensure an adequate 
fluidic and gaseous seal in the overl^ping joint. 

In a preferred embodiment, the operating pressure and flow rate ofthe non 
hardenable fluidic material 1381 is controllably ramped down when the expandable 
mandrel 1305reachesAe upper end portion 1355 of the tubular member 1310. In this 
manner, the sudden release of pressure caused by the complete extrusion 
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of the tubular member 1310 offof the expandable mandrel 1305 can be minimized. 
In a preferred embodiment, the operating pressure is reduced in a substantially 
linear fSashion from 100% to about 10% during the end of the extrusion process 
b^iiming when the mandrel 1305 has completed approximately all but about 5 
5. feet of the extrusion process. 

Alternatively, or in combination, a shock absorber is provided in the stq^port 
member 1345 in order to absorb the shock caused by the sudden release of 
pressure. 

Alternatively, or in combination, a mandrel catching structure is provided 

10 in the upper end portion 1355 of the tubular member 1310 in order to catch or at 
least decelerate the mandrel 1305. 

Once the extrusion process is completed, the expandable mandrel 1305 is 
removed from the wellbore 1200. Inapreferredembodiment, either beforeor after 
the removal of the esqiandable mandrel 1305, the integrity of the fluidic seal of the 

15 overlappingjointbetweentheupperportionl355ofthetubularmeznberl310a^ 
the lower portion of the casing 1215 is tested using conventional methods. If the 
fluidic seal of the overlapping joint between the upper portion 1355 of the tubular 
member 1310 and the lower portion of the casing 1215 is satisfactory, then the 
uncured portion of the mat»ial 1380 within the expanded tubular member 1310 

20 is then removed in a conventional manner. The material 1380 within the «TiTiiiifti> 
region 1390 is then allowed to cure. 

As illustrated in Fig. llf, preferably any remaining cured material 1380 
within the interior of the expanded tubular member 1310 is then removed in a 
conventional manner using a conventional driU string. The resulting new section 

25 of casing 1400 includes the expanded tubular member laiQ and aii miter immii^^r 
layer 1405 of cured material 305. The bottom portion of the apparatus 1300 
comprising the ahoe 1315 may then be removed by drilling mt tha ahfw i R wamg 
conventional drilling methods. 

A method of creating a casmg in a borehole located in a subterranean 

30 formationhasbeen described thatinchidesinstallinga tubular Im^ 

in the borehole. Abodyof fluidic material is then injected into the borehole. The 
tubular liner is then radially expanded by extruding the liner oflf of the mandreL 



The injecting preferably includes injecting a hardenable fluidic sealing material 
into an annular region located between the borehole and the exterior of the 
tubular linen and a non hardenable fluidic material into an interior region of the 
tubular liner below the mandrel The method preferably includes fluidicly isolating 
the annular region from the interior region before injecting the second quantity of 
the non hardenable sealing material into the interior region. The injecting the 
hardenable fluidic sealing material is preferably provided at operating pressures 
and flow rates ranging from about 0 to 344.73785 bar (0 to 5000 psi) and 0 to 
567. 1 1 77 litres/minute (0 to 1 ,500 gallons/min). The injecting of Uie non 
hardenable fluidic material is preferably provided at operating pressures and flow 
rates ranging from about 34.473 to 620.52813 bar (500 to 9000 psi) and 151.4164 to 
1 1356.2355 litres/minute (40 to 3,000 gallons/min)- The injecting of the non 
hardenable fluidic material is preferably provided at reduced operating pressures 
and flow rates during an end portion of ttie extruding. The non hardenable fluidic 
material is preferably injected below the mandrel. The method includes 
pressurizing a region of tiie tubular liner below the mandrel. The region of the 
tubular liner below Uie mandrel is preferably pressurized to pressures ranging from 
about 34.473 to 620.52813 bar (500 to 9,000 psi). The method preferably includes 
fluidicly Isolating an interior region of the tubular liner from an exterior region of 
the tubular liner. The meUiod furUier preferably includes curing ttie hardenable 
sealing material, and removing at least a portion of Uie cured sealing material 
located wittiin the tubular liner. The metiiod further preferably includes 
overlapping ttie tubular liner witti an existing wellbore casing. The mettiod furttier 
preferably includes sealing tfie overiap between ttie tubular liner and ttie existing 
weObore casing. The mettiod further preferably includes supporting ttie extruded 
tubular liner using ttie overiap witti ttie existing wellbore casing. The mettiod 
further preferably includes testing ttie integrity of ttie seal in the overiap between 
ttie tubular liner and tfie existing wellbore casing. The method further preferably 
includes removing at least a portion of ttie hardenable fluidic sealing material 
wittiin the tubular liner before curing. The mettiod furttier preferably includes 
lubricating tfie surface of ttie mandrel. The mettiod furttier preferably includes 
abs(Mi)ing shock. The mettiod further preferably includes catching ttie mandrel 
uporr the completion of the extruding. 
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An apparatus for creating a casing in a borehole located in a subterranean 
formation has been described that includes a support member, a mandrel, a 
tubular member, and a shoe. The support member includes a first fluid passage. 

The mandrel iscoupled to the support member and indudesasecond fluid passage. 
5 Thetubularmemberiscoupledtothemandrel. The shoe is coupled to the tubular 
linerandindudesathirdfluidpassage. The first, second and third fluid passages 
are operably coupled. The support member preferably further includes a pressure 
relief passage, and a flow control valve coupled to the first fluid passage and the 
pressure reUef passage. The support member further preferably indudes a abode 
10 absorber. The support member preferably indudes one or more sealing members 
adapted to prevent foreign material from enteringan interior region of the tubular 
member. The mandrel is preferably expandable. The tubular member is 
preferab ly fabricated from materials selected from the group consisting of Oilfield 

CountiyTubularGoods.l3chromiumsteeltubing/ca8ing.andplasticcasing. The 
15 tubular member prcfeably has im«r and outer diameters ranging fiom about 7.62 to 39.37 cms (3 to 15 5 
inches, ^ 8.89 to 40.64 cms (3.5 to 16 inches), respecdvely. Tb. tubular member prefembly has a plastic 
yield pomt nmging fiom about 275.9028 to 9307.92195 bar (40.000 to 135.000 psi). The tubular 

member preferably includes one or more sealing members at an end portion. The 
tubular member preferably indudes one or more pressure relief holes at an end 
20 portion. The tubular member preferably includes a catching member at an end 
portion for slowing down the mandrel. The shoe preferably indudes an inlet port 
coupled to the third fluid passage, the inlet port adapted to receive a plug for 
blocking the inlet port. The shoe preferably is drillable. 

Amethodofjoiningasecond tubular member toafirsttubularmember.the 
26 fi^ttubularmemberhavinganimierdiametergreaterthanmiouterdiameterof 
the second tubular member, has been described that indudes positioning a 
mandrel within an interior region of the second tubular member, positioning the 
furst and second tubular members in an overlapping relationship, pressurizing a 
portaon of the interior region of the second tubular member; and extruding the 

30 second tubular member offofthemandrel into engagementwith the first tubular 
member. The pressurizing of the portion of the interior region of the second 

tubular member is preferablyprovided at operatingpressuresrangingfrom about 

66 
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34.473 to 620.52813 bar (500 to 9,000 psi). The pressurizing of the pottion of the interior region of the 
second tubular member is preferably provided at reduced operating pressures 
during a latter portion of the extruding. The method further preferably includes 
sealing the overlap between the first and second tubular members. The method 
5 fiirther preferably inchides supporting the extruded first tubular member using 
the overlap with the second tubular m«nber. The method further preferably 
includes lubricating the surface of the mandrel. The method further preferably 
includes absorbing shock. 

A liner for use in creating a new section of wellbore casing in a subterranean 
10 formation a4jacent to an already existing section of wellbore casing has been 
described that includes an annular member. The annular member includes one or 
more sealing members at an end portion of the annular member, and one or more 
pressure relief passages at an end portion of the annular member. 

A wellbore casing has been described that mdudes a tubular hner and an 
15 annularbodyofacuredfluidicsealingmaterial. The tubular liner is formed by the 
process of extruding the tubular liner off of a mandrel. The tubular liner is 
preferably fonned by the process of placing the tubular liner and mandrel within 
the weUbore, and pressurizing an interior portion of the tubular liner. The 
annular body of the cured fluidic sealing material is preferably formed by the 
I process of ii^ecting a body of hardenable fluidic sealing material into an annular 
region external of the tubular liner. During the pressurizing, the interior portion 
of the tubular liner is preferably fluidicly isolated from an exterior portion of the 
tubular liner. The interior portion of the tubular liner is preferably pressurized 

to pressures ranging from about 34.473 to 620.528 13 bar (500 to 9.000 psi). TTk tubular liner preferably 
overiaps with an existing weUbore casing. The weUbore casing preferably further 
includes a seal positioned in the overlap between the tubular liner and the existing 
weUbore casing. Tubular liner is preferably supported the overlap with the 
existing wellbore casing. 

A method of repairing an existing section of a wellbore casing within a 
borehole has been described that includes installing a tubular liner and a mandrel 
within the wellbore casing, injecting a body of a fluidic material into the borehole, 
pressurizing a portion of an interior region of the tubular liner, and radially 
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expanding the liner in the borehole by extruding the liner off of the mandrel. In 
a preferred embodiment, the fluidic material is selected from the group consisting 
of slag mix, cement, drilling mud, and epoxy. In a preferred embodiment, the 
method further includes fluidicly isolating an interior region of the tubular liner 
5 from an exterior region of the tubular liner. In a preferred embodiment, the 
iiy'ecting of the body of fluidic material is provided at operating pressures and flow 

rates ranging frcmi about 34.473 to 620.52813 bar (500 to 9,000 psi) and 15L4164 to 113562.355 
litres/minute (40 to 3,000 gallons/mm). In a preferred embodiment, the injecting of the body of fluidic 
material is provided at reduced operating pressures axMl flow rates during an end portion of the extruding. 

10 In a preferred embodiment, the fluidic niaterial is injected below the mandrel. In 
a preferred embodiment, a region of the tubular liner below the mandrel is 
pressurized. In a preferred embodiment, the region of the tubular liner below the 

mandrel is pressurized to pressures ranging from about 34.473 to 620.52813 bar (500 to 9,000 psi). In a 

preferred embodiment, the method fiurther includes overlapping the tubular liner 

15 with the existing wellbore casing. In a preferred embodiment, the method further 
includes sealing the interfietce between the tubular liner and the existing wellbore 
casing. In a preferred embodiment, the method further includes supporting the 
extruded tubular Uner using the existing wellbore casing. In a preferred 
embodiment, the method further includes testing the integrity of the seal in the 

20 interface between the tubular liner and the existing wellbore casing. In a 
preferred embodiment, method further includes lubricating the surface of the 
mandrel. In a preferred embodiment, the method further includes absorbing 
shock. In a preferred embodiment, the method further includes catching the 
mandrel upon the completion of the extruding. In a preferred embodiment, the 

25 method further includes expanding the mandrel in a radial direction. 

A tie*back liner for lining an existing wellbore casing has been described 
that includes a tubular liner and an annular body of a cured fluidic sealing 
material. The tubular liner is formed by the process of extruding the tubular liner 
off of a mandrel. The annular bocfy of a cured fluidic sealing material is coupled 

30 to the tubular liner. In a preferred embodiment, the tubular liner is formed by the 
process of placing the tubular liner and mandrel within the wellbore, and 
pressurizing an interior portion of the tubular liner. In a preferred embodiment, 



during the pressurizing, the interior portion of the tubular liner is fluidicly isolated 
from an exterior portion of the tubular liner. In a preferred embodiment, the 
interior portion of the tubular liner is pressurized at pressures ranging from about 
34.473 to 620.52813 bar (500 to 9,000 psi). In a preferred embodiment, the annular body of a cured fluidic 

5 sealing material is formed by the process of iiyecting a body of hardenable fluidic 
sealing material into an annular region between the existing wellbore casing and 
the tubular liner. In a preferred embodiment, the tubular liner overlaps with 
another e x ist ing wellbore casing. In a preferred embodiment, the tie-back liner 
further includes a seal positioned in the overlap between the tubular liner and the 
10 other existing wellbore casing. In a preferred embodiment, tubular liner is 
supported by the overlap with the other existing wellbore casing. 

An apparatus for expanding a tubular member has been described that 
includes a support member, a mandrel, a tubiilar member, and a shoe. The 
support member includes a first fluid passage. The mandrel is coupled to the 
15 support member. The mandrel indxides a second flidd passage operably coupled 
to the first fluid passage, an interior portion, and an exterior portion. The interior 
portion of the mandrel is drillable. The tubular member is coupled to the mandrel. 
The shoe is coupled to the tubular member. The shoe includes a third fluid 
passage operably coupled to the second fliud passage, an interior portion, and an 
20 exterior portion. The interior portion of the shoe is drillable. Preferably, the 
interior portion of the mandrel includes a tubular member and a load bearing 
member. Preferably, the load bearing member comprises a drillable body. 
Preferably, the interior i>ortion of the shoe includes a tubular member, and a load 
bearing member. Preferably, the load bearing member comprises a drillable body. 
Preferably, the exterior portion of the mandrel comprises an esqMnsion cone. 
Preferably, the e^qpansion cone is fabricated fix>m materials selected firom the group 
consisting of tool steel, titanixun, and ceramic. Preferably, the expansion cone has 
a surface hardness ranging firom about 58 to 62 Rockwell C. Preferably at least a 
portion of the apparatus is drillable. 

Although illustrative embodiments of the invention have been shown and 
described, a wide range of modification, changes and substitution is contemplated 
in the foregoing disclosure. In some instances, some features of the present 



^ vention may be eixq)byed without a correfiponding ixse of the other features. 
Accordingly, it is appropriate that the appended claims be construed broadly and 
in a manner consistent with the scope of the invention. 



CLAIMS 



1. A method of creating a casing in a borehole located in a 
subterranean formation, comprising: 

installing a tubular liner and a mandrel in the borehole; 
injecting a fluidic material into the borehole; 
injecting the fluidic material through the mandrel; 
pressurizing a portion of an interior region of the tubular liner below the 
mandrel; and 

radially expanding at least a portion of the tubular liner in the borehole 
by extruding at least a portion of the tubular liner off of the mandrel. 

2. A method of creating a casing in a borehole located in a section 
of a subterranean formation, the borehole having an already existing casing, 
comprising: 

drilling out a new section of the borehole adjacent to the already existing 

casing; 

placing a tubular liner and an expandable mandrel into the new section 
of the borehole; 

overlapping the tubular liner with the already existing casing; 

injecting a hardenablc fluidic sealing material into an annular region 
between the tubular liner and the new section of the borehole; 

fluidicly isolating the annular region between the tubular hner and the 
new section of the borehole from an interior region of the tubular liner below 
the mandrel; 

injecting a non hardenable fluidic material into the interior region of the 
tubular liner below the mandrel; 

extruding the tubular liner ofFof the expandable mandrel; 

sealing the overlap between the tubular liner and the already existing 

casing; 

supporting the tubular liner with the overiap with the already existing 

casing; 
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removing tbe mandrel from the borehole; 

testing the integrity of the seal of the overlap between the tubular liner 
and the already existing casing; 

removing at least a portion of the hardenable fluidic sealing material 
5 from the interior of the tubular liner; 

curing the remaining portions of the hardenable fluidic sealing material; 

and 

removing at least a portion of the cured hardenable fluidic sealing 
material within the tubular liner. 

3. An apparatus, comprising: 

a support member, the si^port member including a first fluid passage; 
a mandrel coupled to the support member, the mandrel including: 
a second fluid passage; 

a tubular member coupled to the mandrel; and 
a shoe coupled to the tubular member, the shoe including a third fluid 
passage; 

wherein the first, second and third fluid passages are operably coupled. 

4. An apparatus, comprising: 
a support member, the support member including: 
a first fluid passage; 
a second fluid passage; and 

a flow control valve coupled to the first and second fluid passages; 
an expandable mandrel coupled to the support member, the expandable 
mandrel including a third fluid passage coupled to the first fluid passage; 

a tubular member coupled to the mandrel, the tubular member including 
one or more sealing elements; 

a shoe coupled to the tubular member, the shoe including: 
a fourth fluid passage coupled to the third fluid passage, the fourth fluid 
passage adapted to receive a stop member; and 
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one or more exhaust passages coupled to the fourth fluid passage for 
injecting fluidic material outside of the shoe; and o 

at least one sealing member coupled to the support member, the sealing 
member adapted to prevent the entry of foreign material into an interior region 
of the tubular member. 

5. A method of joining a second tubular member to a first tubular 
member, the first tubular member having an inner diameter greats than an 
outer diameter of the second tubular member, conprising: 

positioning a mandrel within an interior region of the second tubular 
member; 

pressurizing a portion of the interior region of the second tubular 
member below the mandrel by injecting a fluidic material into the second 
tubular member through the mandrel; and 

extruding the second tubular member off of the mandrel into 
engagement with the first tubular member. 

6. An apparatus, comprising: 

a support member including a first fluid passage; 

a mandrel coupled to the siq>port member, the mandrel including: 

a second fluid passage operably coupled to the first fluid passage; 

an interior portion; and 

an exterior portion; 

wherein the interior portion of Ae mandrel is drillable; 

an expandable tubular member coupled to the mandrel; and 

a shoe coupled to the tubular member, the shoe including: 

a third fluid passage operably coupled to the second fluid passage; 

an interior portion; and 

an exterior portion; 

wherein the interior portion of the shoe is drillable. 



The method of claim 1, wherein the injecting includes: 
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injecting hardenable fluidic sealing material into an annular region 
located between the borehole and the exterior of the tubular liner; and 

injecting non hardenable fluidic material into an interior region of the 
tubular liner below the mandrel. 

8. The method of claim 7, further comprising: 

fluidicly isolating the annular region from the interior region before injecting 
the non hardenable fluidic material into the interior region. 

9. The method of claim 7, wherein the injecting of the hardenable 
fluidic sealing material is provided at operating pressures and flow rates 
ranging from 0 to 344.738 bar (0 to 5,000 psi) and 0 to 5618.12 litres/min (0 to 
1,500 gallons/min). 

10. The method of claim 7, wherein the injecting of the non 
hardenable fluidic material is provided at operating pressures and flow rates 
ranging from 34.473 to 620.52813 bar (500 to 9,000 psi) and 151.4164 to 
1 1356.2355 litres/min (40 to 3,000 gallons/min). 

11. The method of claim 7, wherein the injecting of the non 
hardenable fluidic material is provided at reduced operating pressures and flow 
rates during an end portion of the extruding. 

1 2. The method of claim 1 , wherein the portion of the tubular liner 
below the mandrel is pressurized to pressures ranging from 34.473 to 
620.52813 bar (500 to 9,000 psi). 

1 3. The method of claim 1 , further comprising: 

fluidicly isolating an interior region of the tubular liner from an exterior 
region of the tubular liner. 
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14. The method of claim 13, wherein the interior region of the 
tubular liner isolated from the region to the tubular liner by inserting one or 
more plugs into the injected fluidic nuterial. 

5 15. The method of claim 1, further comprising: 

cxiring at least a portion of the fluidic material; and 
removing at least a portion of the cured fluidic material located within 
the tubular liner. 

10 16. The method of claim 1 , further comprising: 

overlapping the tubular liner with an existing wellbore casing. 

1 7. The method of claim 1 6, further comprising: 

sealing the overlap between the tubular liner and the existing wellbore 

15 casing. 

1 8. The method of claim 1 7, further conq)rising: 

supporting the extruded tubular liner using the overlap with the existing 
wellbore casing. 

20 

19. The mefliod of claim 17, further conqnising: 

testing the integrity of the seal in the overiap between the tubular liner 
and the existing wellbore casing. 

2 5 20. The method of claim 1 5, further comprising: 

removing at least a portion of the hardenable fluidic sealing material 
within the tubular liner before curing. 

2 1 . The method of claim 1 , further comprising: 

3 0 lubricating the surface of the mandrel. 



22, The method of claim 1 , further comprising: 



absorbing shock. 



23 . The method of claim I , further comprising: 
catching the mandrel upon the completion of the extruding. 

5 

24. The method of claim 1 , further comprising expanding the 
mandrel in a radial direction. 

25. The method of claim 1 , further including: 
10 drilling out the mandrel. 

26. The method of claim 1 , further including: 
supporting the mandrel with coiled tubing. 

15 27. The method of claim 1 , wherein the wall thickness of the tubular 

liner is variable. 

28. The method of claim 1 , wherein the mandrel is coupled to a 
drillable shoe. 

20 

29. The apparatus of claim 3, wherein the support member further 
includes: 

a pressure relief passage; and 

a flow control valve coupled to the first fluid passage and the pressure 
25 relief passage. 

30. The apparatus of claim 3, wherein the support member further 
includes a shock absorber. 

30 31. The apparatus of claim 3 , wherein the support member includes 

one or more sealing members adapted to prevent foreign material from entering 
an interior region of the tubular member. 



32. The apparatus of claim 3, wherein the support member includes 
one or more stabilizers. 

33. The apparatus of claim 3, wherein the mandrel is expandable. 

34. The apparatus of claim 3, wherein the tubular member is 
fabricated from materials selected from the group consisting of automotive 
grade steel, plastic and chromium steel. 

35. The apparatus of claim 3, wherein the tubular member has inner 
and outer diameters ranging from 1.905 to 1 19.38 cms (0.75 to 47 inches) and 
2.667 to 121.92 cms (1.05 to 48 inches), respectively. 

36. The apparatus of claim 3, wherein the tubular member has a 
plastic yield point ranging from 275.9028 to 9307.92195 bar (40,000 to 
135,000 psi). 

37. The apparatus of claim 3, wherein the tubular member includes 
one or more sealing members at an end portion. 

38. The apparatus of claim 3, wherein the tubular member includes 
one or more pressure relief holes at an end portion. 

39. The apparatus of claim 3, wherein the tubular member includes a 
catching member at an end portion for slowing down movement of the mandrel. 

40. The apparatus of claim 3, wherein the shoe includes: 

a fluid conduit coupled to the third fluid passage, the fluid conduit 
adapted to receive a plug for blocking the fluid conduit. 
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41 . The apparatus of claim 3, wherein the support member comprises 
coiled tubing. 

42. The apparatus of claim 3, wherein the shoe includes one or more 
5 exhaust passages coupled to the third fluid passage for injecting fluidic material 

outside of the shoe. 

43. The apparatus of claim 3, further comprising at least one wiper 
plug removably coupled to the mandrel. 

10 

44. The apparatus of claim 43, wherein the wiper plug includes a 
fluid passage operably coupled to the second fluid passage. 

45. The apparatus of claim 3, wherein at least a portion of the 
1 5 mandrel and shoe are drillable. 

46. The apparatus of claim 3, the wall thickness of the tubular 
member in an area adjacent to the mandrel is less than the wall thickness of the 
tubular member in an area that is not adjacent to the mandrel. 

20 

47. The method of claim 5, wherein the pressurizing of the portion of 
the interior region of the second tubular member is provided at operating 
pressures ranging from 34.473 to 620.52813 bar (500 to 9,000 psi). 

25 48. The method of claim 5, wherein the pressurizing of the portion of 

the interior region of the second tubular member is provided at reduced 
operating pressures during a latter portion of the extruding. 

49. The method of claim 5, further comprising: 
3 0 sealing the interface between the first and second tubular members. 



50. The method of claim 5, further comprising: 
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supporting the extruded second tubular member using the interface with 
the first tubular member. 



5 1 . The method of claim 5, further con5)rising: 
5 lubricating the surface of the mandrel. 

52. The method of claim 5, further con^rising: 
absorbing shock. 

10 53. The method of claim 5, further comprising: 

expanding the mandrel in a radial direction. 

54. The method of claim 5» further comprising: 
positioning the first and second tubular members in an overlapping 
15 relationship. 



55. The method of claim 5, further conq)rising: 

fluidicly isolating an interior region of the second tubular member firom 
an exterior region of the second tubular member. 

20 

56. The method of claim 55, wherein the interior region of the 
second tubular member is fluidicly isolated firom the region exterior to the 
second tubular member by injecting one or more plugs into the interior of the 
second tubular member. 

25 

57. The method of claim 5, wherein the pressurizing of the portion of 
the interior region of the second tubular member is provided by injecting a 
fluidic material at operating pressures and flow rates ranging firom 34.473 to 
620.52813 bar (500 to 9,000 psi) and 151.4164 to 1 1356.2355 litres/minute (40 

30 to 3,000 gallons/minute). 



58. The method of claim 5, further con:5)rising: 
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injecting fluidic material beyond the mandrel. 

59. The method of claim 5, wherein the region of the tubular liner 
beyond the mandrel is pressurized to pressures ranging from 34.473 to 
620.52813 bar (500 to 9.000 psi). 

60. The method of claim 5, wherein the first tubular member 
con[q>rises an existing section of wellbore. 

6 1 . The method of claim 5, further comprising: 

supporting the extruded second tubular member using the first tubular 
member. 

62. The method of claim 49, further comprising: 

testing the integrity of the seal in the interface between the first tubular 
member and the second tubular member. 

63. The method of claim 5. further comprising: 
catching the mandrel upon the completion of the extruding. 

64. The method of claim 5, further comprising: 
drilling out the mandrel. 

65. The method of claim 5, further comprising: 
supporting the mandrel with coiled tubing. 

66. The method of claim 5, further comprising: 
coupling the mandrel to a drillable shoe. 

67. The apparatus of claim 6. wherein the interior portion of the 
mandrel includes: 

a tubular member; and 



a load bearing member. 

68. The apparatus of claim 67, wherein the load bearing member 
comprises a drillable body. 

5 

69. The apparatus of claim 6, wherein the interior portion of the shoe 
includes: 

a tubular member, and 
a load bearing member. 

10 

70. The apparatus of claim 69, wherein the load bearing member 
comprises a drillable body. 

71 . The apparatus of claim 6, wherein the exterior portion of the 
1 5 mandrel comprises an expansion cone. 

72. The apparatus of claim 7 1 , wherein the expansion cone is 
fabricated from materials selected from the group consisting of ceramic, tool 
steel, titanium and low alloy steel. 

20 

73 . The apparatus of claim 7 1 , wherein the expansion cone has a 
surface hardness ranging from about 58 to 62 Rockwell C. 

74. The apparatus of claim 6, further comprising: 

2 5 one or more wiper plugs coupled to the mandrel 

75. The apparatus of claim 74, wherein the wiper plug includes a 
fluid passage fluidicly coupled to the second fluid passage. 

3 0 76. The apparatus of claim 6, wherein the support member comprises 

coiled tubing. 
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77. The method of claim 1, wherein the interface between the 
mandrel and the tubular liner is not fluid tight 



78. The method of claim 2, wherein the interfece between the mandrel 
and the tubular liner is not fluid tight. 

79. The apparatus of claim 4, wherein the interface between the 
tubular member and the expandable mandrel is not fluid tight. 

80. The method of claim 5, wherein the interface between the second 
tubular member and the mandrel is not fluid tight. 

81. The apparatus of claim 6, wherein the interface between Ae 
mandrel and the tubular member is not fluid tight 

82. An apparatus, comprising: 

a support member defining a first fluid passage; 
an expansion mandrel coupled to the support member including an outer 
expansion surface and defining a second fluid passage; 

a tubular liner coupled to the expansion mandrel; and 

a shoe coupled to the tubular liner defining a third fluid passage; 

wherein the first, second and third fluid passages are operably coupled; 

and 

wherein the interface between the tubular liner and the expansion 
mandrel is not fluid tight 

83. The apparatus of claim 82, wherein the 
support member further includes a shock absorber. 
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84. The apparatus of claim 82, wherein the support member includes 
one or more sealing members adapted to prevent foreign material from entering 
an interior region of the tubular liner. 

5 85. The apparatus of claim 82, wherein the support member includes 

one or more stabilizers. 

86. The ^aratus of claim 82, wherein the expansion mandrel is 
expandable. 

10 

87. The apparatus of claim 82, wherein the tubular liner is fabricated 
from materials selected from the group consisting of automotive grade steel, 
plastic and chromium steel. 

15 88. The apparatus of claim 82, wherein the tubular liner has inner 

and outer diameters ranging from 1.905 to 1 19.38 cms (0.75 to 47 inches) and 
2.667 to 121.92 cms (1.05 to 48 inches), respectively. 

89. The apparatus of claim 82, wherein the tubular liner has a plastic 
2 0 yield point ranging from 275.9028 to 9307.92195 bar (40,000 to 135,000 psi). 

90. The apparatus of claim 82, wherein the tubular liner includes one 
or more sealing members at an end portion. 

2 5 91. The apparatus of claim 82, wherein the tubular liner includes one 

or more pressure relief holes at an end portion. 

92. The apparatus of claim 82, wherein the tubular liner includes a 
catching member at an end portion for slowing down movement of the 

3 0 expansion mandrel. 
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93. The apparatus of claim 82, wherein the shoe fiirth^ defines an 
fluid conduit coupled to the third fluid passage, the fluid conduit adapted to 
receive a plug for blocking the fluid conduit. 

5 94. The apparatus of claim 82, wherein the support member 

comprises coiled tubing. 

95. The apparatus of claim 82, wherein the shoe includes one or 
more exhaust passages coupled to the third fluid passage for injecting fluidic 
1 0 material outside of the shoe. 



96. The apparatus of claim 82, further comprising at least one wiper 
plug removably coupled to the expansion mandrel. 

1 5 97. The apparatus of claim 96, wherein the wiper plug defines a 

fourth passage operably coupled to the second fluid passage. 

98. The apparatus of claim 82, wherein at least a portion of the 
expansion mandrel and shoe are drillable. 

20 

99. The apparatus of claim 82, the wall thickness of the tubular liner 
in an area adjacent to die expansion mandrel is less than the wall thickness of 
the tubular liner in an area that is not adjacent to the expansion mandrel. 



25 1 00. The apparatus of claim 82, wherein third fluid passage defined by 

the shoe comprises one or more radial passages defined by the shoe. 

101. The apparatus of claim 82, fiirther comprising a packer coupled 
to the shoe. 

30 

102. The apparatus of claim 82, wherein the wall thickness of a 
portion of the tubular liner above the expansion surface of the expansion 



mandrel is greater than the wall thickness of a portion of the tubular liner below 
the expansion surfece of the expansion mandrel. 



J 03 . An apparatus, comprising: 
a support membw" defining a first fluid passage; 
an expansion mandrel coupled to the support member including an outer 
expansion surface and defining a second fluid passage; 
a tubular liner coupled to die expansion mandrel; 
a shoe coiqjled to the tubular liner defining a third fluid passage; and 
a packer coiq>led to the shoe; 

wherein the first, second and third fluid passages are operably coupled. 

104. An apparatus, comprising: 

a support member defining a first fluid passage; 

an expansion mandrel coupled to the support member including an outer 
expansion surface and defining a second fluid passage; 

a tubular liner coupled to the expansion mandrel; and 

a shoe coupled to the tubular liner defining a third fluid passage; 

wherein the first, second and third fluid passages are operably coupled; 

and 

wherein the third fluid passage defined by the shoe comprises one or 
more radial passages. 

1 05. An apparatus, comprising: 
a support member defining a first fluid passage; 
an expansion mandrel coupled to the support member including an outer 
expansion surface and defining a second fluid passage; 

a tubular liner coupled to the expansion mandrel; and 

a shoe coupled to the tubular liner defining a third fluid passage; 

wherein the first, second and third fluid passages are operably coupled; 



wherein the wall thickness of a portion of the tubular liner above the 
expansion surface of the expansion mandrel is greater than a wall thickness of 
portion of the tubular liner below the expansion surface of the expansion 
mandrel. 
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